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ABSTRACT 
High in the Andes, a unique peatland habitat exists precariously above the frostline and 
below snowline. These “bofedales”, as they are called in Peru, support an extraordinary 
avifauna consisting of both boreal and austral migratory species and residents. This 
ecosystem is predicted to be significantly reduced as a result of global climate change. 
We endeavored to understand the habitat associations and seasonality of the avian 
assemblage occurring in these permanent wetlands. Numerous detections of species 
outside of their documented geographic range provided an opportunity to assess 
geographic ranges using niche modeling. This novel approach provided insights and 
inferences for assessing geographic ranges. Peatland study sites were visited in both 
the wet and dry season and habitat and seasonality associations were determined for 
the majority of species occurring therein. Peatlands are an important habitat for many 
migratory and resident bird species and seasonality is strong for many species. With the 
threat of climate change predicted for the Andes, we modeled the presence of peatland 
habitat for a large area of southern Peru using ground-truthed study sites and assessed 
the effects of the temperature change for these peatlands. Our model showed peatlands 
represent approximately 5% of the Puna. Peatland occurrence is correlated with several 
environmental variables including flow accumulation and presence of glaciers in the 
watershed. Using the model of peatland occurrence, we predicted what percentage of 
peatland habitat would no longer occur within the required climatic envelope. Within our 
study area, more than 75% of the peatlands would no longer occur above the frost line 
using temperature predictions for the next 80 years. In effect, habitat for already rare 
and isolated bird species will be dramatically reduced by weather alone. The additional 
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pressures of pastoralism, peat harvesting, agriculture, and water diversion projects 
suggest these peatlands should be prioritized for conservation assessment and action. 
Finally, we identified several areas within our study area that are most likely to persist 
through the precipitation and temperature changes through the end of the century.  
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CHAPTER ONE 
 
INTRODUCTION 
High elevation peatlands are among the most unique habitats in the tropical Andes and 
certainly among the least studied (Squeo et al. 2006). These montane peatlands occur 
in the extensive puna grassland (Brack 1986) and range in size from less than one 
hectare to hundreds of hectares. Bofedales, as peatlands are called locally in Peru, are 
used extensively by pastoralists working alpaca and sheep, often encouraging the 
expansion of peatlands by cutting channels through the accumulated peat to allow 
water into drier adjacent land (Lentz 2000). In addition to being vital for Andean pastoral 
communities, these wet habitat islands provide habitat for a unique community of 
organisms, not the least of these, birds (Fjeldså and Krabbe 1990, Olson and Dinerstein 
2002, Telleria et al. 2006). The puna avifauna, although relatively species-poor by 
tropical standards, has a high degree of species-level endemism adding weight to the 
calculus of conservation (Stotz et al. 1996, Parker et al. 1996). Although many important 
summary accounts and compendia have been produced for birds occurring in the high 
Andes of Peru (Dorst 1955, Johnson 1965, Koepcke 1970, Fjeldså 1996, Schulenberg 
2007), the geographic ranges and natural history details of bird species associated with 
these high elevation peatlands are poorly understood with many range extensions and 
natural history details recently discovered in the region (Gibbons et al. 2011). These 
new records provided an opportunity to assess whether they represented vagrancy or 
the true geographic range. We explored this question using the relatively new tools of 
ecological niche modeling to ask whether the new records occurred in similar niche 
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space. The outcome of our analysis involved the expansion of niche space or the 
expansion of geographic range. A refinement of ecological information would be 
determined in either case and a new assessment application is described herein for 
comparing taxa, populations, or any groups of interest for which the knowledge of their 
niche space may be informative. 
 
Data from these poorly studied peatlands are important now more than ever with 
increasing development and anthropogenic effects in the remotest Andean regions 
threatening species with restricted geographic ranges and narrow ecological niches 
(Jetz et al. 2007, Swenson et al. 2012). To address the data gap for birds associated 
with this peatland habitat, data were gathered in peatland and other puna habitats in 
both dry and wet seasons to determine which species were most closely associated 
with peatlands and whether or not their association was seasonal. 
 
A necessary clarification when developing habitat data, such as species associations or 
maps, is addressing the ambiguity of the term habitat. Ricklefs (1973) defined habitat as 
the “place where an animal or plant normally lives, often characterized by a dominant 
plant form or physical characteristic (i.e., the stream habitat, the forest habitat)”. The 
ambiguity occurs with the spatial scale and relationship to the organism of interest. 
Corsi et al. (2000) partitioned the various definitions they found in the literature in a 
chart to demonstrate the various uses of the word. For our purposes, we followed 
McDermid et al. (2005) in adopting the biocentric definition of Hall et al. (1997): 
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Habitats are the resources and conditions present in an area that produce 
occupancy, including survival and reproduction, by a given organism, and, as 
such, imply more than vegetation and vegetation structure. A habitat is the sum 
of the specific resources that are needed by an organism. 
 
Habitat associations for poorly studied species are necessary for assessing their 
relative sensitivity to a multitude of potential factors. Knowing where peatlands occur is 
equally important. Management and conservation efforts require habitat estimates for 
developing population estimates, determining reserve requirements and assessing the 
effects of land use and environmental change. These habitat estimates are dependent 
on the quality of regional environmental data. Due to the lack of infrastructure within the 
puna ecoregion, ground-based methods for developing environmental data is both time 
consuming and expensive. Remotely sensed data have been used successfully to 
develop spatial distribution estimates (i.e. habitat maps) as a basis for prediction of 
related bird populations (Boyle et al. 2004). Landsat ETM+ data has been widely used 
for investigation on wetlands in general (e.g. Ozesmi and Bauer, 2002) and for mapping 
of high Andean wetlands in both the dry and wet seasons within a sub region of the 
study area (Otto et al. 2011). 
 In contrast to North America and Europe, there are few environmental data resources 
for South America at the relevant scale of these small isolated wetlands. A challenge for 
ecologists and conservation practitioners tasked with determining relative risk and 
priorities is the limited collaboration among the spatial and the ecological communities 
(McDermid et al. 2005). Given the immediate and looming threats of climate change 
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and other land use practices to poorly studied regions, McDermid et al. (2005) 
encouraged more collaborative efforts between the spatial data experts and ecologists. 
 
Boyle et al. (2004) provided a good example of how remotely sensed data could be 
used to develop useful data for wetland birds of conservation concern in the Andes. 
Whereas Boyle et al. (2004) were interested in the migratory and resident bird species 
associated with wetlands of the southern altiplano, we were interested in bird species 
associated with high elevation peatlands (bofedales) of the Central Andes.  
 
With both species associations and an estimate of habitat extent in a study area, we 
were able to develop a climate change risk assessment and identify which mountainous 
areas would act as refugia for peatlands and their associated species. This assessment 
is a first step and is an example of what can be done for all of the Andean highlands. 
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CHAPTER TWO 
DO NEW OCCURRENCE RECORDS REPRESENT VAGRANCY OR THE TYPICAL 
RANGE? A QUANTITATIVE APPROACH FOR ASSESSING GEOGRAPHIC RANGE 
USING EXTRALIMITAL AND WINTER RANGE OCCURRENCE RECORDS OF 
BLACK-FRONTED GROUND-TYRANT (MUSCISAXICOLA FRONTALIS)1 
 
INTRODUCTION 
   Geographic ranges of species are limited by various biotic and abiotic factors (Gaston 
2003). Understanding what determines the frontier of a species’ distribution is a key 
question in evolutionary ecology (Gaston 2009). Geographic range inquiries are 
hindered by insufficient data for species’ distribution and ecological attributes and this is 
especially true for bird species in South America. Difficulties in access and a shortage of 
researchers limit our capacity to obtain ecological information for many Neotropical 
birds, including most austral migrants that breed in southern South America and migrate 
north to the Andes for the austral winter (Stotz et al. 1996, Chesser and Levey 1998). 
Recently, studies using climate envelope models (CEM’s) have taken advantage of 
museum locality data to develop species distribution estimates (Peterson 2001) and to 
test ecological (Anciães and Peterson 2006, Cadena and Loiselle 2007) and 
evolutionary (Graham et al. 2004, Peterson et al. 1999, Kozak et al. 2008) hypotheses. 
A promising application of CEM’s is the identification of potential areas of occupancy in 
those unexplored areas (Engler et al. 2004, Overton et al. 2006, Kumar and Stohlgren 
2009) and testing whether those predicted areas represent an extension of a species’ 
niche breadth (Warren et al. 2008). These models also can be used to explore the 
relative influence o1f biotic and abiotic factors that shape distributions (Graham et al. 
                                                 
*
 Reprinted by permission of Journal of Field Ornithology 
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2010). This is particularly useful for conservation planning in the Neotropics with regard 
to uncommon species in remote areas (e.g. Loiselle et al. 2003, Marini et al. 2010). 
   The Black-fronted Ground-Tyrant is one of at least six austral migratory species in the 
genus Muscisaxicola (Chesser and Levey 1998). This species breeds in the Andes from 
Antofagasta, Chile, south to Río Negro, Argentina, and migrates north in the austral fall 
to Bolivia, W Argentina, and SW Peru (Fjeldså and Krabbe 1990, Jaramillo 2003, 
Narozky and Yzurieta 2003, Schulenberg et al. 2007). Schulenberg et al. (2007) noted 
that some individuals very rarely stray farther north. Similarly, Ridgely (1989) assigned 
vagrant status to a single northern record in his distribution map. Schulenberg (pers. 
comm.) and presumably Ridgley’s comments refer to a specimen (LSUMZ 80625) 
collected 22 May 1975 by Ted Parker in Ancash at 4267 m. The northernmost 
previously published record is from the Chuquibamba area of dpto. Arequipa, Peru, at 
4150 m (Fjeldså 1987). 
   During recent fieldwork in central and southern Peru we documented several new 
occurrence records of Muscisaxicola frontalis beyond the current geographic range 
estimate. These records brought the current range estimates into question given the 
range estimates were established with few records. Further, the new records provided 
an opportunity to test a range limit question: are the extralimital records in a climatic 
envelope similar to existing records? To put it another way, did the extralimital records 
represent an extension of climatic niche space or just geographic space? To answer 
this question we used a novel application of CEM’s to test the equivalency of models 
derived from extralimital and within-range occurrence records. If the extralimital records 
represent not only a geographic range extension of the distribution but also an 
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extension in niche space, then we should be able to distinguish statistically the climatic 
niche space of the known range and the extralimital range. If so, it would imply the 
species’ realized niche is broader than previously estimated. On the other hand, if the 
climatic envelope models are statistically indistinguishable, then we could invoke 
climatic niche equivalency between the current winter range and extralimital range. This 
would suggest a narrower climatic niche in a larger wintering range. In either case, this 
provides a large-scale starting point from which additional range limiting variables can 
be explored. 
 
METHODS 
Occurrence data. 
New and historical occurrence records. We compiled historical and new occurrence 
records for our analysis using both sight records and specimens (Table 2.1). Locations 
were vetted as thoroughly as possible and questionable data were omitted. We 
obtained new records during fieldwork completed in June 2007, 19 September–10 
October 2008, 2–7 and 27–30 April 2009, 16–20 August 2009, 31 January–8 February 
2010, 9–15 March 2010, 1–4 April 2010 and August 2009 in the Peruvian departments 
of Ancash, Lima, Junín, Huancavelica, Arequipa, Moquegua, and Puno. Fieldwork by 
REG included line transects (N = 38; mean = 1.2 km, range = 0.5 to 1.75 km) located in 
the departments mentioned above. Transects were surveyed in the wet and dry 
seasons to understand avian species’ relative abundance, microhabitat associations, 
and seasonality in the puna. 
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   Additional records were obtained during opportunistic collecting in the region. 
Specimen preparation included a thorough necropsy, tissue samples, and preservation 
of the stomach and contents. Specimens collected by REG were deposited in either the 
Centro de Ornitología y Biodiversidad in Lima, Peru, or the Louisiana State University 
Museum of Natural Science. 
   JB and LA gathered M. frontalis records during area surveys for the critically 
endangered White-bellied Cinclodes (Cinclodes palliatus), a rare inhabitant of the 
central Peruvian puna. 
   We used Garmin Colorado 300, Garmin 60Csx, or Magellan GPS 315 global 
positioning system units for elevation and geographic coordinates. Coordinates and 
elevations were verified with 1:100,000 topographic maps from Peru’s Instituto 
Geográfico Nacional. 
   We supplemented our records with museum specimen localities and observations 
from Spencer Hardy, Joaquin Ugarte, and Richard Hoyer to increase the number of 
model development points. Localities ranged from 3900 to 5100 m elevation in puna 
habitats (sensu Brack 1986). Our final samples sizes were 13 records for the typical 
winter range model and 6 records for the extralimital range model (Table 2.1). 
 
Seasonal restriction. Developing ENM distribution predictions for migratory species is 
complicated by seasonal variation of climatic variables (e.g. Marini et al. 2010). Using 
data appropriate for the desired ecological time frame is one way to refine model signal. 
For example, determining the true winter range for species can be complicated by 
dispersal and migration. For example, Marantz and Remsen (1991) and Remsen (2001) 
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showed that winter ranges can be dramatically overestimated by inclusion of seasonally 
inappropriate records. We selected occurrence records from within a date range to 
refine model signal. We defined the winter period arbitrarily as May, June, July, and 
August with the assumption that most wintering birds would be settled into a territory if 
wintering territories are held. Alternatives to the wintering territoriality assumption will be 
discussed below. 
 
Spatial restriction. To assess whether extralimital winter records represent an 
extension in the niche space or the geographic space, we defined extralimital winter 
records as those occurring north of the wintering range described for the species by 
Schulenberg et al. (2007) and Fjeldså and Krabbe (1990). Likewise, localities within 
those limits were considered as the typical winter records. To minimize spatial 
autocorrelation we used records that were more than 5 km from the nearest locality. 
 
Niche envelope modeling and environmental layers. To create winter distribution 
models for M. frontalis we used a maximum entropy algorithm implemented in the 
software Maxent 3.3.3e, which uses the species’ presence records in combination with 
the distribution of environmental variables over the study area to estimate a probability 
distribution of the species (see details in Phillips et al. 2006). ENM’s were developed for 
both winter and extralimital winter ranges using climatic variables related to temperature 
and precipitation at 1 km2 resolution obtained from WorldClim (Hijmans et al. 2005) and 
two topographic variables, slope and aspect, calculated with the Spatial Analyst from 
ArcGIS v. 9.3. We minimized our set of variables by conducting analysis implemented in 
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the software ENM Tools 1.1 (Warren et al. 2009). Using the correlation coefficients we 
created a pair-wise matrix including all environmental and topographical layers. We 
identified clusters of variables that were highly correlated. Then, taking into account the 
biological meaning of the variables in our study area, we chose 6 climatic and 2 
topographic variables by hand with correlation coefficients lower than 0.85 (Appendix 2). 
 
Assessing the effects of sample size on environmental niche models. Despite our 
search for additional records, our sample sizes were still rather small. Thus, to assess 
whether having a low sample size in our models affects the validity of our models, we 
performed two separate tests. First, we evaluated the predictive ability of our winter and 
extralimital winter datasets by performing the jackknifing (leave-one-out) technique 
presented by Pearson et al. (2007). This test allowed us to statistically determine the 
contribution of each locality into our models and to know whether our models are 
primarily driven by a subset of our localities. To perform this test we used the Lowest 
Presence Threshold (LPT) value provided by Maxent to threshold our models. LPT 
provides a conservative estimation of the potential distribution of a species, which 
enhances the results of our jackknifing and low-n tests. The commission rate, how many 
occurrence points were in pixels predicted above our threshold, were 85% and 67% for 
the winter and extralimital models respectively. Pearson’s pValueCompute program 
provided p-values(< .0001) for these results, which shows that our dataset had a good 
predictive ability and that no particular locality biased the models.  
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Also, to assess the potential impact of our low sample size, we conducted a modified 
version of the low-n test presented by Pearson et al. (2007). This test examines 
changes in model performance, as sample size is reduced one locality at a time. 
Therefore, it is possible to assess the power of our analyses given a low sample size. 
Changes in predictive performance were evaluated by removing localities in random 
order from the analysis and calculating the proportion of predicted localities (i.e. 
commission rate) with respect to the complete training dataset. We performed three 
different random sequences of locality removal using the LPT value and found that for 
both the extralimital and typical winter range models the predictive performance is 
affected as sample size decreases (Fig. 2.1). Also, all three replicate chains for both 
models approached asymptote at high values of predictive abilities when reaching a 
smaller sample size that the one we had. This suggests that the predictive performance 
of our models were not affected by the sample size of the training data set. 
 
Climatic niche equivalency test. Once we determined that low sample size was 
not affecting our models, we constructed final ENM’s for both datasets using Maxent 
3.3.3e (Phillips et al. 2006). Each model was run with 100 cross-validated replicates 
using the complete training data set. Then, using the unthresholded logistic output of 
our models we performed a niche equivalency test (Warren et al. 2008) in the software 
ENM Tools 1.1 (Warren et al. 2009). This test follows a permutation approach to 
estimate whether differences between the climatic envelopes of two species are 
statistically significant. If differences are found to be significant, one can argue that the 
niches of both species are not equivalent. On the other hand, if differences are not 
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found to be significant, one cannot reject equivalency between models. We performed 
our test using 50 replicates. 
 
RESULTS 
   Initially, we were curious how well occurrence records from the typical winter range 
would predict the extralimital records and vice versa. Both winter and extralimital 
models predicted the presence of the remaining occurrence records with high 
probability (Fig. 2.2.), but a more quantitative approach would provide more information 
regarding the winter range. To this end we employed the niche equivalency test 
(Warren et al. 2008) between the model using only extralimital winter records and the 
model using winter records from current winter range estimates. We failed to reject the 
null hypothesis that the two models were distinguishable. Observed values of climatic 
overlap (I=0.79, and D=0.69), fall within the 5-95 percentiles of a null distribution (I5 0.61 
– I95 0.89, D5 0.43 – D95 0.85) estimated after 50 randomizations using the raw data for 
every locality. The minimum temperature in the coldest month (Bio 6) showed the 
greatest contribution to both models (74.4% for extralimital and 85.4% for winter range), 
followed by the maximum temperature of the warmest month (Bio 5; 5.6% for 
extralimital and 5.3% for winter range). 
 In other words, the ENM including only the extralimital winter records does not 
represent an extension of the niche breadth of wintering range per se, but suggests a 
geographical extension of the wintering range with similar niche space. 
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DISCUSSION 
   Ridgely (1989) and Schulenberg et al. (2007) had few data to generate a winter range 
map for the Black-fronted Ground-Tyrant in Peru (see Schulenberg et al. 2006) and 
were understandably conservative with respect to the potentially vagrant record from 
1975. Our records call into question the vagrancy status of Black-fronted Ground-Tyrant 
north of the current winter range estimate. Perhaps Black-fronted Ground-Tyrants 
exhibit irruptive behavior similar to some North American weather migrants during 
periods of low food availability or weather events or perhaps they are nomads that 
search for resource-rich microhabitat patches. These and other possibilities can be 
determined only with more intensive fieldwork. Additional fieldwork is also needed to 
understand dispersal and site fidelity characteristics for M. frontalis. There is much to 
learn about austral migration and the extensive research literature developed in boreal 
systems offers numerous comparative study opportunities. 
   The new records when combined with the current winter range estimate include two 
large areas without records. The first gap is from north of Chuquibamba, dpto. Arequipa, 
to the new records in central Huancavelica, roughly 380 km to the northwest. A second 
gap lies between the new records in dptos. Huancavelica and Lima and the records in 
Ancash. Because these two areas lie within the ENM predicted for the species, we 
predict that the absence of intervening records represents poor sampling. The 
intervening Ayacucho and Huancavelica departments, as well as the Andean zone of 
northern Lima, have received little attention from ornithologists; thus, that the gap is a 
sampling artifact seems plausible. These results support the idea that the current gaps 
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in the wintering distribution may represent an artifact of sampling effort. However, 
perhaps the gap is unsuitable in finer ecological dimensions not captured in ENM’s.  
   Field observations of Black-fronted Ground-Tyrants offer clues to potential range limit 
drivers. Habitat information in published accounts for the winter range is general and 
somewhat conflicting. It is described as open grassland near wetlands, rocky slopes, 
open habitats near water, and rocky habitat with little vegetation by Schulenberg et al. 
(2007), Fjeldså and Krabbe (1990), Ridgely (1994), and Jaramillo (2003) respectively. 
Our observations from central and southern Peru suggest a preference for rocky slopes 
with Baccharis shrubs, Cumulopuntia cacti, and Festuca and Parastrephia grasses. If 
M. frontalis has a preference for a xeric microhabitat, we predict it to occur in higher 
numbers at the drier end of the precipitation gradient that spans the puna from the 
wetter north to the drier south. The necessary microhabitat spatial data and relative 
effort in respective microhabitats needed to test this hypothesis are lacking. 
   Another potential range-limiting factor is a dietary requirement. We found numerous 
seeds and pericarp of the Cumulopuntia boliviana ignescens cactus in the stomachs of 
all five Black-fronted Ground-Tyrants collected in dpto. Arequipa. C. b. ignescens 
occurs above 4400 m in southern Peru in dpto’s Arequipa, Moquegua, and Puno while 
other species of Cactaceae with palatable fruit occur in the northern puna (Daniel 
Montesinos, pers. comm.). Whether fruit of these northern species is consumed by M. 
frontalis is unknown. It appears that Black-fronted Ground-Tyrants are at least 
facultative frugivores. To our knowledge frugivory in Muscisaxicola is undocumented, 
but many degrees of frugivory have been documented and discussed in the Tyrannidae 
(Fitzpatrick 1980). Levey and Martinez del Rio (2001) warned against avian diet 
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generalizations and described wide variation in bird species’ frugivory potential. Avian 
diet in the Neotropics is poorly understood and studying the interdependencies across a 
geographic mosaic (sensu Thompson 2005) will likely provide new insights to the study 
of range limits. 
   In conclusion, we failed to reject dissimilarity between our two models based on 
extralimital and winter range records. This suggests the possibility that the geographic 
range of Black-fronted Ground-Tyrant is larger than previously thought and that gaps in 
current range estimates are sampling artifacts. Although climate can play a significant 
role in determining the geographic range of species, other factors such as demography, 
trophic interactions (Holt and Barfield 2009), and interspecific competition (Price and 
Kirkpatrick 2009) are also candidate drivers and potentially interacting to limit the winter 
range of Black-fronted Ground Tyrant. 
 
The refinement of our understanding of species’ niche requirements will surely be useful 
as we move toward understanding the role that climate asserts on past, current, and 
future distributions and how these distributions have interacted with the maintenance of 
biodiversity. 
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Table 1.1 Occurrence records used in ecological niche models. 
Record type ID # 
Collector/
Observer Locality Lat. Lon. Elev. Date 
Extralimital(E) 
or Winter (W) 
Sight record None REG Peru: dpto. Ancash; 14 km ENE Olleros -9.65 -77.35 4200m 5-Jun-2007 E 
Specimen LSUMZ80625 TAP Peru: dpto. Ancash;  8 km W Laguna Conococha -10.13 -77.35 4300m 
22-May-
1975 E 
Sight record AUDCLO JB Peru: dpto. Lima; 1.75 km SSE Tanta -12.16 -76.02 4500m 19-Aug-2009 E 
Sight record None REG Peru: dpto. Huancavelica; 6 km NE Astobamba  -12.91 -75.05 4720m 23-Jun-2009 E 
Sight record None SH Peru: dpto. Cusco; near Laguna Sibinacocha -13.9 -70.92 5100m 29-Jun-2009 E 
Sight record None JU Peru: dpto. Arequipa; .7 km W Laguna Huanso -14.71 -72.55 4740m 1-Jul-1998 E 
Sight record None REG Peru: dpto. Puno; 12.5 km SW Vila-Vila -15.21 -70.74 4570m 26-Jul-2009 W 
Sight record None REG Peru: dpto. Puno; 9 km WSW Vila-Vila -15.26 -70.75 4575m 26-Jul-2009 W 
Specimen ZMUC  JF Peru: dpto. Arequipa; on road to Cotahuasi -15.67 -72.75 4150m 6-May-1987 W 
Specimen LSUMZ * REG Peru: dpto. Arequipa; 15.5 km SSE Chivay -15.76 -71.62 4500m 15-Jul-2009 W 
Sight record None REG Peru: dpto. Arequipa; 12 km S Chivay -15.79 -71.62 4580m 15-Jul-2009 W 
Specimen MVZ 158797 ATS Peru: dpto. Puno; Rio Huanque, 50 km S Ilave -16.2 -69.73 3900m 19-Jul-1968 W 
Specimen LSUMZ102460 JVR Bolivia: dpto. La Paz; 5.4 km W dam on Zongo rd. -16.28 -68.28 4365m 19-Jul-1981 W 
Sight record None REG Peru: dpto. Puno; along Interoceanica Sur hwy. -16.31 -70.22 4440m 23-Jul-2009 W 
Specimen  
LSUMZ 
101480 TSS Bolivia: dpto. La Paz; Rio ChoquekkotaValley  -16.59 -68 4150m 15-Aug-1981 W 
Sight record None JB Peru: dpto. Moquegua; 44 km NE Moquegua -16.91 -70.64 4550m 18-Aug-1996 W 
Sight record AUDCLO RH Bolivia: dpto. Cochabamba; Cerro Tunari -17.27 -66.38 4575m 28-Aug-2009 W 
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Specimen ANSP135333 MAC  Bolivia: dpto. Oruro; Callipampa -18.37 -66.95 
4100 
m 5-Jun-1936 W 
Specimen ANSP135330 MAC Bolivia: dpto. Potosi; Chocaya -20.98 -66.32 4100m 14-Jun-1936 W 
JB-Javier Barrio; M.A. Carriker; JF-Jon Fjeldså, REG-R. E. Gibbons; SH-Spencer Hardy; RH-Rich Hoyer; TAP-Theodore A. Parker; JVR-James V. Remsen, Jr; 
TSS-Thomas S. Schulenberg; ATS-A.T.Smith; JU-Joaquin Ugarte
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Figure 2.1. Occurrence records are shown as dots. Distribution probability models were developed using occurrence 
records from within the typical winter range (A), extralimital occurrence records (B), and all occurrence points (C). The 
thick-lined polygon approximates the winter range using range maps from Fjeldså(1990) and Schulenberg(2007). Darker 
colors indicate a higher predicted presence probability. 
 
A B C 
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Figure 2.2. Models were developed with winter range and extralimital occurrence 
records. The percentage of occurrence points predicted by the model to have a 
presence probability higher than the lowest presence threshold (LPT) is shown for each 
model. 
  
Winter model (N=13) Extralimital model (N=6) 
20 
 
CHAPTER THREE 
 
 
HABITAT USE AND SEASONALITY OF BIRDS IN THE PERUVIAN PUNA WITH AN 
EMPHASIS ON PEATLANDS (BOFEDALES) 
 
INTRODUCTION 
The relationship between habitat and birds has long held the attention of 
researchers working to understand ecological principles and processes (Grinnell 1917, 
Lack 1937, Pitelka 1941, MacArthur 1958, Grant 1966, Wiens 1981). Birds are excellent 
organisms for the study of habitat selection because they are highly mobile and thus 
encounter many habitats from which to choose (Cody 1985). Presence in a habitat is de 
facto evidence for habitat selection or some component therein. Habitat-related 
decisions influence their foraging success (Davis 1982) and productivity (Martin 1998), 
which ultimately may shape their evolution. From a more applied perspective, these life 
history details are used to develop distribution and population estimates, which are used 
by conservation biologists, population geneticists, land managers, and policy makers. 
The Neotropical avifauna is at once species rich (~3500 species) and riddled with 
knowledge gaps, a result of the region’s remoteness and relatively few researchers. 
Grassland birds in the Neotropics are no exception, with basic ecological information 
lacking for many species, e.g. geographic range limits, habitat associations, and 
phenology. Vuilleumier (1985) identified 166 bird species as the combined paramo/puna 
core breeding group, with another 35 migratory species recorded in the region either 
from North America (30 species) or South America (5 species). Of the core breeding 
group, 48 of 166 (29%) species were identified as endemic, and another 21 species 
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(13%) were "nearly endemic". Of the six Neotropical grassland types recognized by 
Stotz et al. (1996), the puna is considered to be one of two centers of diversity for 
grassland birds with a relatively high degree of species-level endemism (Müller 1972, 
Cracraft 1985, Parker et al. 1982, Vuilleumier 1986, Fjeldså 1990). Because its high 
degree of endemism and the anthropogenic activities in the region (e.g. resource 
extraction, intensive pastoralism, climate change, water projects), both the Central 
Andean and Central Andean Wet Puna were identified as key terrestrial ecoregions in a 
recent analysis of strategies for maximizing biodiversity conservation (Loyola et al. 
2009). Similarly, the World Wildlife Fund (2006) designated these two ecoregions as 
“vulnerable”. 
 Located high in the Andes, puna grasslands occur above the alpine tree line 
(~4000 m) in terrain described as alpine tundra (Brown and Lomolino 1998).  The puna 
covers approximately 586,100 km2 from central Peru through Bolivia to northwestern 
Argentina and northern Chile. The puna spans the north-south and east-west 
precipitation gradients and is subdivided into three ecoregions characterized by their 
climate: the Central Andean dry puna occurring in the south and west, the Central 
Andean puna occupying the middle range of the precipitation gradient in Peru and 
Bolivia, and the Central Andean wet puna occurring in the northern and eastern 
extremities of the puna. Combined, the puna is set apart from the equatorial paramo 
ecoregion by distinct wet and dry seasons (Weberbauer 1936; Pulgar Vidal 1941). 
 
  Within the puna ecoregion, several distinct habitats occur (fig. 3.1). The most 
extensively studied is the Polylepis woodland, so named for the tree genus that occurs 
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as island-like patches of short trees on steep slopes or inaccessible areas well above 
the elevation where most trees can exist, in defiance of the treeline concept (Fjeldså 
1987, Fjeldså 1992, Herzog 2003, Lloyd and Marsden 2008). This habitat is currently a 
small fraction of the puna and remains under intense pressure from human activity as a 
source of wood for cooking and construction. Polylepis woodland conservation efforts 
have made significant strides, and areas targeted for conservation were recently 
identified (Fjeldså and Kessler 1996, Fjeldså 2002, Benham et al. 2011). In contrast to 
the Polylepis woodlands, the remaining puna habitats and faunal associates are poorly 
studied. The other woody-stemmed habitat is the shrub-dominated tola that occurs on 
well-drained slopes. Otherwise, bunchgrass and short-grass habitats characterize the 
puna. Found throughout the vast puna grassland is an archipelago of wetland habitats 
that includes cushion plant peatlands (locally called bofedales), reed beds, open water 
lagunas such as lakes and ponds, and small to medium streams (Stotz et al. 1996). 
Finally, bare ground habitat occurs in large and small patches. The smaller often 
circular recessed patches are a result of temporary vernal pools drying up and large 
expanses of bare soil occurs at the higher reaches of the puna where even the hardiest 
of grasses have yet to take hold. Of these habitats, the permanent cushion-plant 
peatlands are particularly interesting because they have received little attention. Both 
Squeo et al. (2006) and Telleria et al. (2009) argued for the importance of bofedales 
and noted the dependence of local human communities that have practiced pastoralism 
for hundreds of years on these permanent wetlands. Perhaps most important is the 
water that is filtered, stored, and meted out by these wetlands for humans, their animal 
stock, and wildlife, especially in the dry season.  
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The high Andes have attracted many pioneering ornithologists: Chapman, 
Morrison, Koepcke, Dorst, Pearson, and O’Neill to name a few. They discovered new 
species, postulated the origins of the Andean avifauna, and established an impressive 
foundation upon which subsequent researchers have relied heavily. Anecdotal evidence 
of habitat associations developed from years of fieldwork and data compiled from 
natural history collections was presented by these and many others. This is the only 
information available for two species of conservation concern found in these peatlands. 
The White-bellied Cinclodes (Cinclodes palliatus) and the Diademed Sandpiper-Plover 
(Phegornis mitchellii) are both considered to be resident and specialists of high Andean 
peatlands. Still, a quantitative approach to understanding puna habitat associations is 
lacking. 
Specifically, I wanted to know which species were using which habitats and 
when? Do these habitat associations change with the wet and dry seasons? Do resident 
species show more specialization vs. migrants? 
 
METHODS 
Study sites.    Bird occurrence was sampled at 38 study sites in the puna of central and 
southern Peru (Fig.3. 2). Study sites were selected using a non-random convenience 
sample (Cochran 1977) due to logistic constraints such as few roads in the highlands 
and time needed to access remote locations. Sites with bofedales were selected in 
central and southern Peru between 4000-5000 m elevation (Fig. 3.3) by using satellite 
imagery and topographic maps from the Instituto Geográfico Nacional. All sites had 
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moderate to strong grazing pressure from sheep, alpaca, and llamas. Because 
pastoralism has likely dominated the landscape for millennia (D’Altroy 2000), trying to 
find ungrazed sites is extremely difficult and beyond the scope of this study. In the 
second year of surveys we characterized the study sites using Nott et al.’s (2003) 
Habitat Structure and Assessment protocol. Finally, we took water pH measurements at 
each study sites as part of the site characterization. 
 
Transect surveys.  To quantify bird-habitat relationships, transect surveys that 
averaged 1.1 km (range 0.5 to 1.75km) were conducted in both wet (November-April) 
and dry seasons (May-October) in 2008 and 2009 between the hours of 0900 and 1600. 
Nearly all birds detected by sight or sound were identified to species, but a few were 
identified to genus only. Detections were limited to within 100 m of the transect line. I 
completed the vast majority of transects, but Phred M. Benham (PMB) completed 
several in 2008. Both PMB and I spent several weeks together in the Peruvian 
highlands during 2007 familiarizing ourselves with the avifauna and scouting study sites. 
I used a 10X Zeiss Victory binocular and PMB used a 8X Zeiss Victory binocular. We 
reported all visual and auditory detections and assigned each detection to one of seven 
habitat types: peatland (bofedal), short grass (cesped), bunch grass, rocky ground, bare 
ground, standing water, and stream. 
 
Statistical analyses. All analyses were completed with the SAS statistics package. 
Rare species were dropped from the analysis to minimize bias.  To do this objectively, I 
used an arbitrary threshold of 1% of total counts and 2% of the sum to bring the data 
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closer to a normal distribution. Data were normalized by log transformation and by 
adding one to each cell in the database to account for the log of zero issue. Exploratory 
factor analysis (Johnson 1998), a type of principal component analysis, was used to 
identify patterns within the transect data. The data included counts of species within the 
seven habitat types during the two wet and dry sampling periods. The factors were 
rotated orthogonally using the varimax rotation method. This technique permitted easier 
interpretation of the factors while maintaining the accounted variance proportion for the 
entire data set. After the number of factors for the model was selected, mixed models 
were performed for each orthogonal factor separately to determine relationships 
between the factors and habitat and season. Habitats and seasons were fixed effects, 
whereas year and transect were random effects. We set the significance level at 0.05 (α 
= 0.05), and pair-wise contrasts were tested with Tukey adjustments. 
 
RESULTS 
Study Sites. The evaluated habitats were in the Tropical Alpine Wet Tundra and 
Subtropical Alpine Wet Tundra, which generally have rugged topographic relief ranging 
from hilly to undulating, the latter mainly glacially formed. The soils were acidic, 
constituting Paramosols, Paramoandosols, Lithosols, Gleysols and in places of poor 
drainage, Histosols (organic) (ONERN 1976). The proportion of habitats surveyed was 
skewed toward the short grass and bofedal habitats (Fig. 3.4) with the remaining habitat 
types comprising small percentages. A notable difference documented between the 
southern (Puno, Moquegua, Arequipa, Cusco) and central (Huancavelica and Junín) 
study sites was the landscape context. Southern study sites tended to be in narrow 
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valleys whereas northern study sites tended to be in wider valleys and hilly terrain. 
 
Grasses were consistent across sites with Gentianella, Sedifolia, Gentiana, 
Werneria pygmaea, Hypsela reniformis, and Ourisia present. The dichotomy occurs 
between the central Peru and southern Peru sites. In Central Peru the listing of species 
varies with the appearance of Plantago rigida, Oreithales integrifolia, and Werneria 
pectinata, which has a distribution that extends into the highlands of northern Peru. 
 
Among the bofedal habitats sampled, the most conspicuous and diagnostic 
feature was the presence of a top layer of organic matter (peat). The primary peat 
producers are two rush species that have a cushion-like form: Distichia muscoides 
(whole latitudinal gradient) and Oxychloe andino (only in the south). Of the 38 transects 
evaluated, 33 included some type of peatland within the assessment area. Eight 
peatland types were identified (Fig. 3.5) after site characterization were analyzed using 
the criterion that the dominants were peat producing species. The peatland types were 
not accounted for in this study, but are reported here for the benefit of future studies. 
Analyses of habitat types were constrained by habitat structure rather than replacement 
species composition. That there is regional variation among peatlands is noteworthy in 
and of itself and warrants further investigation. 
 
As shown in Figure 5, Distichia muscoides peatlands (Tur_Dis_mus) are 
distributed throughout the latitudinal range and precipitation gradient, spanning the 
wetland systems to the greatest extent (86.2%). Compared to other types of peatlands 
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and vegetation, this peatland type was matched only by the mixed peatland and 
Oxychloe andina and Distichia muscoides (Tur_Dis_Oxy) types with an area totaling 
87% of southern transects. The presence of mixed-species peatlands and the 
emergence of pure Oxychloe andina peatland in the south may be the result of 
ecological replacement. The pH values (Table 1) varied slightly from neutral at the 
central Peru sites (fens) to slightly acidic in the south (bogs) coinciding with peatland 
type turnover. 
 
Bird detections. We assigned habitat associations to 7345 individuals of 98 species 
detected during line transects. The data-cleaning step reduced the number of species to 
38 while keeping the majority of observations (6492) (Appendix 1.). To review, we used 
factor analysis to identify patterns in the bird observation data, and mixed models were 
used to determine the pattern drivers. 
Eigenvalues in the factor analysis represent the variances in the original dataset 
captured by the corresponding factors (Appendix 2). The factors were sorted by their 
eigenvalues, with the first factor accounting for the most variation, the second factor 
accounting for the second most, and so on. A scree plot (Figure 3.5.) was constructed 
by plotting each eigenvalue against its corresponding factor. After viewing the results, 
we chose a 6-factor model because this captured the vast majority of the variance with 
the fewest number of factors. This leveling off of variance can be seen in the scree plot 
as the “elbow” between 6 and 8 variables. 
Post-orthogonal rotation factor loadings are summarized as species groups 
(Table 2). A 0.5 threshold was applied, i.e. if a species’ loading on the factor was 
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greater than 0.5, it was considered to be in that group. To determine the drivers of the 
factor groupings, mixed models were constructed with habitat and season treated as 
fixed effects and year and transects treated as a random effects. Mixed model analysis 
results are listed as appendices 3 and 4. The Tukey grouping letters in Appendix 3 
indicate whether some particular habitat type contributed to significant differences in the 
response variable. 
Finally, appendix 5 illustrates the habitat-season interaction effect was significant 
in factors 2-5. The vertical bars for the bare ground and bunch grass are wider than 
others because this habitat was present in only one year, i.e. it was added for the 
second year of data collection after evaluation of surveyed habitats in the first year. 
 
DISCUSSION 
Factor Analysis. Species in the Factor 1 grouping were associated with the laguna 
habitat (lakes and ponds) and lacked a strong seasonal effect. The association of open 
water and a grebe (Podiceps occipitalis), three ducks (Oxyura jamaicensis, Anas puna, 
and Anas flavirostris), a rail (Fulica gigantea), a gull (Chroicocephalus serranus), and a 
flamingo (Phoenicopterus chilensis) is of course unsurprising but provided some 
confidence in the analysis. The mixed models did not find a significant seasonal effect 
for this factor despite a pronounced seasonal disparity in abundance for two of the 
species, Phoenicopterus chilensis and Phalaropus tricolor (Fig. 3.3a). Phoenicopterus 
chilensis has both resident and migratory populations (del Hoyo 1992), and the raw 
values we detected could reflect an influx of wintering birds from the south.  Phalaropus 
tricolor, a Nearctic-Neotropical migrant shorebird, grouped with factor 1 just above the 
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0.50 threshold with a value of .57, but had higher loadings with factor 3, the seasonal 
peatland grouping, which is addressed below. 
The ten species with high Factor 2 loadings were associated with the peatland 
habitat, and detections were seasonally skewed toward the dry season according to the 
mixed model analysis. This could be the result of a post-breeding population increase 
following the wet season, when most breeding occurs. It also could be the result of birds 
concentrating in these permanent wetlands in the dry season when surrounding 
grasslands and ephemeral water sources have dried up. If the latter is true, then this 
“oasis effect” would increase the need for the study and conservation of these isolated 
wetlands. Squeo et al. (2006) called for further study of these poorly understood and 
important habitats.  
 The five species with high Factor 3 loadings were associated with both 
bofedales and laguna habitats, and their detections were skewed toward the wet 
season. Three of these species are Nearctic-Neotropic migrant shorebirds overwintering 
in the peatlands and exhibiting a near-complete withdrawal from the Neotropics in the 
dry season. The other two species are Neotropical ducks restricted to the temperate 
high Andes and southern South America. Whereas the two shorebird species are 
overwintering in the laguna and adjacent bofedales, the two duck species nest in the 
warmer wet season. The straddling of the two habitats by these species is sensible 
given they are either foraging in the laguna habitat as expected for ducks and 
shorebirds or resting in the adjacent habitat, most often bofedal.  
The Factor 4 grouping had five species with high loadings: Anthus furcatus, 
Geositta tenuirostris, Geositta saxicolina, Geositta cunicularia, and Phalcoboenus 
30 
megalopterus. The mixed models indicated these were species associated with the 
short grass habitat and were seasonally skewed with abundance higher in the dry 
season. The species with the highest loading in this grouping was Anthus furcatus, a 
“pipit” in the Motacillidae. Most members of the genus (c. 40) are strongly associated 
with grassland habitats (Tyler 2004). Likewise, Geositta species (Furnariidae) are 
strongly associated with open habitats and grasslands (Remsen 2003). Three species 
of Geositta (cunicularia, tenuirostris, and saxicolina) occurred syntopically during 
transects in the dry season, presumably the non-breeding season for the Geositta 
occurring in the puna (Remsen 2003). Counts of G. cunicularia in short grass increased 
dramatically in the dry season, nearly doubling from 41 to76 individuals. The pattern for 
G. cunicularia in bofedal habitat was reversed in the wet season, when numbers more 
than doubled, thus suggesting seasonal movements.  
A notable finding in this group was the lack of a single record of G. tenuirostris 
during the wet season. It is considered a resident species (Schulenberg et al. 2007, 
Fjeldså and Krabbe 1990, Remsen 2003), but my data suggested some type of 
seasonal movement from the upper puna, elevationally or otherwise. A review of G. 
tenuirostris observations submitted to eBird (eBird 2011) during the same period I 
sampled (Feb.-May) provided several records (N=10) to the contrary with observations 
as high as 4500 m. This finding prompted a review of my completed transects not 
included in statistical analyses due to incomplete seasonal sampling. The review 
provided six G. tenuirostris detections in dpto. Junin, which contradicts the complete 
evacuation finding. Nevertheless, counts of G. tenuirostris were decidedly higher in the 
dry season suggesting some movement is possible.  
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The four species with high loadings on Factor 5, Diuca speculifera, Muscisaxicola 
albifrons, Asthenes humilis, and Phrygilus unicolor, were associated with bofedal, and 
the mixed model analysis showed no seasonal effects. This result is somewhat contrary 
to inspection of the raw data and potentially may be the result of information lost in the 
factor derivation step. Looking at the raw count data for these species provides a 
different picture. Diuca speculifera nearly tripled in the dry season in the bofedal habitat 
and also tripled in the short grass habitat in the dry season. It seems unlikely that local 
fledglings would triple the population.  So, where were the additional birds in the wet 
season? Temperatures are warmer in the wet season and upslope migration could 
account for the discrepancy. For a species known to nest in glacier caves, this may be 
worth investigating. The majority of Muscisaxicola albifrons observations were in 
bofedal habitat, and counts increased modestly in the dry season, perhaps a post-
reproductive season effect. This signal was considerably more pronounced in the short 
grass habitat. We recorded ten M. albifrons in short grass habitat, eight of which were in 
the dry season. This reflects a pattern seen in several species in the short grass habitat 
with seasonally skewed counts in the dry season. 
The three species associated with Factor 6, Phrygilus plebejus, Asthenes 
modesta, and Thinocorus orbignyianus, had positive correlations with grass, bofedal, 
bunch grass, and bare habitats, and did not show a significant seasonal effect in the 
mixed model analysis. This could be interpreted as them being generalists in grassy 
habitats. Similar to Factor 5, the raw scores show some somewhat different signals. The 
raw numbers for Phrygilus plebejus increase dramatically in the dry season in grassy 
habitats. This result –as with Factor 5- could reflect the seasonal increase of seeds and 
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prey in the more seasonal short grass habitat. Certainly the possibility of individuals 
concentrating as a result of seasonal movement is possible, but to corroborate this 
would require additional fieldwork with marked individuals. This seasonal pattern is even 
more dramatic in Thinocorus orbignyianus, for which counts in short grass and bofedal 
spiked in the dry season. Asthenes modesta was found most commonly in bunch grass 
habitat, but secondarily was observed at the edge of bunch grass in short grass or 
bofedal habitats. 
Habitat.  Another way to examine the results is by habitat between sampling 
periods (Table 3.2 and Fig. 3.3.). In bofedal and laguna habitats, boreal and austral 
migratory species arrived and departed during their respective non-breeding periods 
seemingly in an ebb and flow cycle. At the same time, Andean species such as 
Lophonetta specularioides and Anas flavirostris were moving into bofedal and laguna 
habitats to breed in the wet season. For many species, occurrence in short grass 
increases in the dry season (Fig. 3.3c). A possible explanation for this result would be 
the exploitation of a seed crop and arthropods, which presumably are seasonal as well. 
  Several noteworthy findings among the rarer species culled from the complete 
data set were documented by Gibbons et al. (2011), yet additional findings merit 
mention as they are closely associated with bofedales. Two species of conservation 
concern were detected several times during surveys. The White-bellied Cinclodes 
(Cinclodes palliatus) and the Diademed Sandpiper-Plover (Phegornis mitchellii) were 
assessed and listed as Critically Endangered and Near Threatened respectively by 
Birdlife International (2011) and the International Union for Conservation of Nature. 
White-bellied Cinclodes was documented in three locations: Pampa Curicocha (4800 
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m), a large bofedal in dpto. Junín near Marcapomacocha; Pampa de Uco (4700 m), an 
adjacent bofedal; and to the south in a grassier area near bofedal (4575 m) ca. 45 km 
WSW Huancayo, dpto. Junín. The first two sites and Ticclio, a nearby site closer to the 
Central highway, are where most modern records originated. Despite searching many 
areas historically reporting the presence of C. palliatus, e.g. sites in Huancavelica, no 
additional observations were made. It seems, given our effort in appropriate habitat 
within the geographic range, that this species is truly rare and restricted to the upper 
reaches of the puna just below snow line. 
Phegornis mitchellii was observed nine times with a total of 16 individuals in 
dptos. Junín, Huancavelica, Arequipa, and Puno. Like C. palliatus, it was strongly 
associated with bofedales above 4500 m. These secretive plovers are much wider 
ranging than C. palliatus, extending well into central Chile and at lower elevations. 
The data gathered from paired-sampling in the dry and wet seasons provides the 
first inter-seasonal data for species occurring in bofedales and other puna habitats. 
Similar to the puna’s seasonal climatic character, much of the avian assemblage 
associated with these habitats is likewise seasonal.  These results are consistent with a 
dynamic ecosystem supporting various life history strategies including residents, boreal 
and austral migrants, and heretofore unknown movement ecology that will require more 
focused studies to fully understand.
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a.  b.  
c.  d.   
Figure 3.1. Habitat types in the puna to which individual bird observations were 
assigned: (a.) bunchgrass e.g. Stipa and Festuca; (b.) short grass e.g. Calamagrostis 
and Dicanthelium; (c.) peatland (bofedal) e.g. Distichia, Oxychloe, and Plantago; (d.) 
laguna; (e.) stream; (f.) rocky; and (g.) bare ground
 (Figure 1. Continued) 
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e.   f.  
g.    
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PERU
38 repeated transects  
Wet and dry season
 
Figure 3.2. The study was completed in Peru, specifically the Central Andes. Study sites are indicated with red circles.
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Figure 3.3. Elevation of transect sites (N=38) 
 
 
Figure 3.4.  Habitat types are shown with percentage of study site area. Vegetation 
characterizations were completed in the dry season so water is underrepresented.   
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Figure 3.5. Occurrence of different peatland types by latitude.
 
 
Table 3.1. pH values for sites by department (listed north to south) and major peatland 
type. 
Department pH  Peatland type 
Junín  6 Distichia muscoides 
 Plantago rigida 
Huancavelica  6 Distichia muscoides 
 Plantago rigida 
Arequipa 5 Distichia muscoides 
Moquegua 5 Distichia muscoides 
Puno 5 Distichia muscoides-Oxychloe 
andina 
Cusco 5 Distchia muscoides-Oxychloe 
andina 
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Table 3.2. The total number of detections for each species by habitat and season. 
Habitat Bare Bofedal 
Bunch 
grass 
Short 
grass Rocky Stream Laguna 
Species                         
Season dry wet dry  wet dry wet dry wet dry wet dry wet dry wet 
Rollandia rolland                         4 3 
Podiceps occipitalis                         68 22 
Nycticorax nycticorax               4       1     
Phoenicopterus 
chilensis                         129 37 
Theristicus melanopsis             9 7             
Plegadis ridgwayi     11       4 10             
Chloephaga 
melanoptera     168 102     41 92         10 131 
Lophonetta 
specularioides     10 37       2     2   68 43 
Anas flavirostris     7 36     2           83 136 
Anas georgica                         4 1 
Anas puna       2                 7 36 
Oxyura jamaicensis                         18 34 
Phalcoboenus 
megalopterus     1 3     4 2 2 2         
Falco femoralis     1 1     1               
Fulica gigantea       12       90         84 73 
Thinocorus 
orbignyianus 1   36 9   6 98 6 1 3         
Charadrius alticola       3                 3 2 
Phegornis mitchellii     6 1             1       
Vanellus resplendens     66 42   2 18 27       2 9   
Recurvirostra andina                           7 
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Gallinago andina     8 7             1   5 1 
Tringa melanoleuca       1                   22 
Tringa flavipes       12                   13 
Calidris bairdii       6       1       2   5 
Calidris melanotos       13       6       1   16 
Phalaropus tricolor       5                   228 
Larus serranus       1     3 1         6 11 
Metriopelia aymara     2   12   14     2 2       
Chalcostigma 
olivaceum     5 1                     
Oreotrochilus 
melanogaster     2     1                 
Oreotrochilus estella       3                     
Colaptes rupicola     23 16 2   10 4 3 4       2 
Geositta tenuirostris     5       30   1           
Geositta cunicularia 9   8 17     76 41     1       
Geositta saxicolina     4       27 23 1 4         
Geositta punensis 2           1 4   1         
Geositta sp.       2       1             
Upucerthia jelskii     4 1 2   2 1   1         
Cinclodes albidiventris     160 49   1 20 10 10 13 50 5 5   
Cinclodes atacamensis     1 2           1 6 6     
Asthenes humilis     7 4     4   1 3         
Asthenes modesta     4 1 2 6 3   5 1 2       
Asthenes sp.     1       1 2 4           
Muscisaxicola cinereus     13     1 5   3           
Muscisaxicola 
juninensis     13 6   1 5 2             
Muscisaxicola frontalis     5                       
Muscisaxicola griseus 2   20 4 1   11 2             
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Muscisaxicola albifrons     49 39     8 2 2           
Muscisaxicola 
flavinucha 3   123 42   1 66 7 1 1 1   2   
Muscisaxicola 
capistratus             2               
Muscisaxicola sp.     7 21   1 22 2             
Agriornis montana                 1 1         
Lessonia oreas     28 22     9 1   1 8   16   
Orochelidon andecola     13 17     36         4 38   
Anthus correndera     1       11 9             
Anthus furcatus       1     18 7             
Anthus sp.               8             
Zonotrichia capensis     2             1         
Phrygilus plebejus     12 6 15 2 9 5 1 3         
Phrygilus unicolor     12 6     1 4   3         
Phrygilus erythronotus       2   1   3 5           
Diuca speculifera 2   42 14     11 4   4   1     
Sicalis uropygialis 19   45 90 25 2 59 57 2 6 2 22     
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Figure 3.6. Species observed in the seven habitats with the number of observations for both dry and wet seasons. 
Habitats are (a) laguna, (b)bofedal, (c) short grass, (d) bunch grass (e) stream (f) bare, and (e) rocky. 
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(Figure 3.6 continued) 
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(Figure 3.6 continued)
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(Figure 3.6 continued) 
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(Figure 3.6 continued) 
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(Figure 3.6 continued)
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(Figure 3.6 continued) 
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Table 3.3. Based on Factors from Appendix 2, six groups were derived. Species that 
were strongly (>.40) associated with one factor are shown. 
 
Laguna Bofedal, dry season high Bofedal,wet season high 
Podiceps occipitalis Cinclodes albidiventris Calidris melanotos 
Oxyura jamaicensis Lessonia oreas Calidris bairdii 
Fulica gigantea Muscisaxicola flavinucha Tringa flavipes 
Chroicocephalus serranus Vanellus resplendens Lophonetta specularioides 
Phoenicopterus chilensis Colaptes rupicola  
Phalaropus tricolor Chloephaga melanoptera  
Anas puna Muscisaxicola juninensis  
Anas flavirostris Sicalis uropygialis  
Lophonetta specularioides Gallinago andina  
 Orochelidon andecola  
   
Short grass, dry season high Bofedal Short grass, aquatic 
averse 
Anthus furcatus Diuca speculifera Phrygilus plebejus 
Geositta tenuirostris Muscisaxicola albifrons Asthenes modesta 
Geositta saxicolina Asthenes humilis Thinocorus orbignyianus 
Geositta cunicularia Phrygilus unicolor Muscisaxicola griseus 
 Muscisaxicola cinereus   
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Fig.3.7.  This scree plot has the eigenvalues on the vertical axis and the factor 
indices on the horizontal axis. According to the scree plot, the amount of informative 
variation drops off significantly at the “elbow” of the plot. A 6-factor model was chosen 
for the mixed model analysis.
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CHAPTER FOUR 
 
PREDICTING PEATLAND HABITAT OCCURRENCE AND ASSESSING 
VULNERABILITY TO CLIMATE CHANGE IN THE HIGH ANDES OF PERU 
 
High elevation peatlands are among the most unique habitats in the tropical 
Andes and certainly among the least studied (Weberbauer 1936, Sarmiento 1986, 
Squeo et al. 2006). These peatlands are regionally known by various names such as 
vegas, turberas, bofedales, peat bogs, wet grasslands, and cushion bogs. These 
soligenous mires occur in the puna grasslands (8° S to 27° S) where low temperatures 
prevent decomposition of plant material (Tosi 1960, Squeo et al. 2006). This 
thermocline permits the accumulation of peat and the persistence of these permanent 
wetlands by restricting the invasion of frost intolerant organisms that would break down 
the plant material much like the tundra’s permafrost. Depending on the latitude and 
elevation, this thermocline occurs between treeline (ca. 4000 m) and snow line (ca. 
5000 m). Peatlands are most often found in mountain valleys and areas of poor 
drainage (Ruthsatz 1993, Stotz et al. 1996). These patchy peatlands function as 
important wildlife habitat (Telleria et al. 2006), pastoral forage for endemic camelids and 
domesticated sheep (Bowman 1984), and important reservoirs and stream mediators 
for human water use (Sarmiento 1986). The occurrence of permanent wetlands within 
the seasonally dry puna is seemingly a contradiction.  The dry season provides the only 
true winter of tropical South America with diurnal temperatures regularly plunging well 
below freezing (Pulgar Vidal 1941, Troll 1968). The Central Andes of Peru are home to 
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the largest tropical glacier, Quelccaya, and hundreds of others. These glaciers are 
subject to intense solar radiation during dry season days sending glacial meltwater 
downslope to be used as drinking water for millions of people and as valuable 
agricultural water in the arid west slope environment. This glacial meltwater is also a 
significant source of water to wetlands in the dry season. Of concern to municipalities 
and wildlife planners alike is the rapid and accelerating rate of the retreating glaciers 
(Thompson et al. 2006). It is unknown if peatlands are dependent on glaciers or even if 
there is a positive relationship between the two, but it seems reasonable that permanent 
wetlands in a highly seasonal landscape would benefit from a steady source of water 
when precipitation may be absent for weeks.. Are these wetlands vulnerable to climate 
change? If so, which species would be at risk and what areas would be more likely to 
persist? This apparent juxtaposition leads to two questions. How are these peatlands 
distributed along the precipitation gradient? Are peatlands concentrated at the wetter 
end of the precipitation gradient? 
 
To answer questions like these, compendia of climatic, wildlife, and land-cover 
data are needed. Many countries have developed national wetland classification 
systems and inventories for use by regulatory agencies, academic institutions, private 
industry, and natural resource planners. These geospatial data are often available 
digitally for Geographic Information Systems (GIS). These resources are less developed 
in the Neotropics, and most Andean countries lack fine-scaled wetland inventories 
(Scott and Carbonell 1986). Further, these data sets are non-systematic and incomplete 
(Naranjo 1995). This dearth of data is a significant impediment to understanding the 
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potential impacts of anthropogenic activities, including climate change and water 
diversion projects (Urrutia and Vuille 2009, Young and Lipton 2006). Developing these 
small-scale detailed inventories requires funding, organization, and access to the 
systems being described. The puna’s scarce infrastructure translates to expensive and 
time-consuming ground-based methods. Data measured remotely from satellites 
designed for this spatial scale provide the appropriate resolution for identifying small 
wetlands (Boyle et al. 2004, Otto et al. 2011). These publicly available data are the 
broad-spectrum measurements from which values corresponding to bofedales can be 
extracted. Landsat ETM+ data has been widely used for investigation on wetlands in 
general (e.g. Ozesmi and Bauer, 2002) and for mapping of high Andean wetlands in dry 
and wet seasons within a subregion of the study area (Otto et al. 2011). 
This study had three main objectives: 
1. Develop peatland habitat map for southern Peru using documented study sites 
as model calibration data. 
2. Use the peatland habitat matrix to identify environmental correlates 
3.  Identify areas where peatland habitat is likely to persist through climate change 
predictions 
 
METHODS 
Study Area. The study area (Fig. 4.1) was a quadrilateral oriented ENE-WSW in the 
high Andes of southern Peru. The study area extent was limited by ground-truth sites 
within Landsat Enhanced Thematic Mapper Plus (ETM+) data collection blocks. The 
area spanned two ecoregions defined primarily by annual precipitation (Olson et al. 
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2001): the wet puna (1500 -800 mm) in the eastern half of the study area and the moist 
puna (400-800 mm) in the western half. Spatial analyses were restricted to the area 
above 4200 m within the quadrilateral to avoid confusion with agricultural areas that can 
give a similar spectral reflectance signal. Also, this is near the lower limit of bofedales, 
and few examples were available from this elevation to provide ground-truthing. 
 
Method for Bofedal Matrix Prediction. Developing the peatland matrix followed the 
technique developed by Otto et al. (2011); in which the spectral range of various puna 
habitats was identified using a decision mapping design with knowledge-based 
verification. Otto et al. (2011) used known habitat values from surveyed sites (ground 
truthing) to confirm the habitat spectral signatures. The bofedal NDVI spectral signature 
value range was used to extract similar pixels from LandSat ETM+ (see below) from the 
study area. Commission assessment is the process of determining how well the model 
is predicting known habitat sites. This was performed with sites from Otto et al. (2011) 
and from bofedal sites characterized by expert botanists in the dry season of 2009. 
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Figure 4.1. Study area is shown as a gray box in southern Peru. The area spanned the 
Andes mountain range.
Study area 
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Data. Landsat ETM+ data has been widely used for the investigation on wetlands (e.g., 
Ozesmi and Bauer, 2002). For mapping of alpine wetlands, two cloud-free, terrain-
corrected Landsat ETM+ datasets were used at 30-m spatial resolution (L1T) from 28 
September 2000 and 5 May 2001 (provided by the US Geological Survey website). 
 
Ground-Truth Sites.  Due to logistical constraints such as few roads in the 
highlands and time needed to access remote locations, I selected my study sites using 
a non-random convenience sample (Cochran 1977). Sites with bofedales within the 
study area (N =11) were selected using satellite imagery and topographic maps from 
the Instituto Geográfico Nacional. All sites had moderate to strong grazing pressure 
from sheep, alpaca, and llamas. Controlling for this activity was beyond the scope of 
this project.  Such grazing pressure has likely dominated the landscape for millennia 
(D’Altroy 2000), and finding ungrazed sites was not logistically feasible. 
 
Habitat Measurements.  We used the Habitat Structure Assessment protocol 
developed by Nott et al. (2003) to qualify and quantify habitat variables at the study 
sites. Study sites were measured and characterized during the 2009 dry season by 
Maria Isabel Villalba and Karol Durand, Peruvian botanists familiar with high Andean 
flora. I made maps for each site to help determine features and habitat percentages. 
Variables measured were: habitat types present, percentages for each habitat, 
distribution pattern of habitat types, area, vegetation cover, predominant species, 
species richness, water features, anthropogenic features, and disturbance. We used the 
identified peatland habitat as calibration points. 
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Analyses.  The analytical objective of the study was to find the independent variable or 
variables contributing to the occurrence of bofedales (the response variable) in the 
study area. To that end, several candidate variables were compiled in a Geographic 
Information System for spatial data association (see below). I used the Hawth’s tools 
extension in ESRI’s ArcMap geospatial software package to generate 25,000 random 
points in the study area. I divided these points into two groups, i.e. points occurring in, 
or out, of the bofedal polygons. This approach provided a binary response variable for 
analyses. The first of these analyses was a boosted regression tree analysis (Elith et al. 
2008).This statistical technique is fundamentally different from classic regression 
analyses in that it is an ensemble approach using recursive binary splits and boosting, a 
powerful tool that compares thousands of hierarchical decision trees to identify the best 
set of variable rules to predict the presence of the response variable. This analysis can 
provide an estimate of relative importance for the variables. The second analysis used 
an optimization technique in which a virtual box was used to optimize the proportion of 
response variable points inside of the box. This “bump hunting” technique narrows in on 
a cluster of points and provides the range of values within the box from the explanatory 
variables (Friedman and Fisher 1999). The final statistical analysis was the logistic 
regression (Agresti 2007), which is the classic regression approach for binary data. A 
Receiver Operating Characteristic (ROC) plot and Area Under the Curve (AUC) scores 
were used to assess model performance. 
 
58 
Data Layers. Candidate variables were compiled using a GIS. The first variable was a 
precipitation raster derived from National Aeronautics and Space Agency’s Tropical 
Rainfall Measuring Mission (TRMM). These data are numerical and range from 150 mm 
in the western Andes to 1500 mm in the eastern edge of the study area. The advantage 
of these data is the direct measurement of precipitation rather than interpolating over 
great distances between a few weather stations. Several bioclimatic variables with were 
assembled for spatial analyses (Hijmans et al.2005). Variables used were mean 
temperature of warmest quarter (BIO10), annual precipitation (BIO12), precipitation of 
driest quarter (BIO17), and precipitation of warmest quarter (BIO18). These data were 
numerical and were interpolated from land-based weather station data. A 30-m digital 
elevation model (Defense Mapping Agency 1996) was used to develop a watershed and 
flow accumulation model (Jenson and Domingue 1988). Flow accumulation values were 
derived from the digital elevation model, which first was used to develop the flow 
direction model. Flow accumulation values indicate how many adjacent cells flow 
toward each cell. 
Glacier data were obtained indirectly from the Moderate Resolution Imaging 
Spectroradiometer. I assigned the seven glaciers in the study area to their appropriate 
watersheds and labeled each watershed as glaciated, partially glaciated, or non-
glaciated. 
Finally, Normalized Difference Vegetation Index (NDVI) data were used in two 
ways. These values are calculated remotely from US National Aeronautics and Space 
Administration’s (NASA) Landsat mission satellites, which includes measurements of 
near infrared and visible red light as indicators of photosynthetic activity. Annual mean 
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values and annual NDVI amplitude were used for each 1-km2 pixel, the latter being a 
good estimate of seasonality (Hay et al. 2006). 
Climate Change Models. Urrutia and Vuille (2009) developed regional climate models 
based on two emissions scenarios in the Intergovernmental Panel on Climate Change 
(Nakicenovic and Swart 2000). The reduced population growth and lower emissions 
(B2) model was used to determine the change of the puna’s lower boundary.  
Specifically, temperature change predictions were used with the standard lapse rate of 
2° C/300 m of elevation change to estimate encroachment of frost-intolerant plants from 
lower elevations. The predicted temperature changes for the region for the moderate 
prediction was +4° C for the next 80 years or roughly 2° C per 40 years. The percentage 
of bofedal patches occurring at elevations predicted to supersede overnight frost 
thresholds were calculated for the study area. In effect, the lapse rate of 2° C/300 m 
was applied to the lower bofedal limit (4200 m) for 40 and 80 years from present. 
 
RESULTS 
Peatland Habitat Prediction. Identification of bofedal habitat using remotely sensed 
data (Landsat ETM+) resulted in a matrix of 24,813 polygons. The habitat patches 
spanned the study area in a relatively uniform pattern given the elevation restriction 
(Fig. 4.2). The area of bofedal patches ranged from 0.72 to 1079 ha with a mean 
polygon size of 4.9 ha. Habitat patch resolution was limited by the 30 m pixel size of the 
Landsat ETM+ raster data. Pixels with mixed spectral reflectance were omitted in the 
data processing step with the result being a conservative estimate of habitat extent. 
Bofedal polygon shape often reflected the serpentine valley bottoms in which they 
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occurred. Predicted bofedal polygons were compared to known areas with satellite 
imagery in Google Earth spatial program (Fig. 4.3). The total area for these bofedal 
patches totaled 1,223.64 km2 (122,364 ha). Given the study area above 4200 m was 
49,675 km², the bofedal habitat represents approximately 2.46% of the area. The 
elevational distribution of these habitats was continuous from 4200 m to 5200 m, with 
three very high bofedales occurring above 5200 m (Fig. 4.4). 
Logistic Regression. For this analysis, a subset of the independent variables was 
hand-selected  to avoid multicollinearity problems. Model variables were tested for 
collinearity. The seven included variables were TRMM precipitation, mean temperature 
of the warmest quarter (BIO10), precipitation of the warmest quarter (BIO18), flow 
accumulation, glaciated watershed classes, and NDVI amplitude. Data from the 25,000 
random points within the study area were filtered to include only points above 4200 m to 
correspond to the bofedal layer truncated at 4200 m. 
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Figure 4.2. Prediction of bofedal habitat in study area included 24,813 polygons representing 122,364 hectares between 
4200 and 5200 m elevation. Patch size ranged from 0.7 ha to 1079 ha with a mean polygon size of 4.9 ha.
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Figure 4.3. The secondary assessment of the bofedal prediction was performed in ARC-
GIS and Google Earth. The orange circle in the middle of the dark area is a transect end 
point. Habitat characterizations were completed for this study site in Arequipa 
confirming the habitat as bofedal. Data points within ground truth sites such as this were 
used to regionally tune the NDVI signature. Imagery from Google Earth (2011).
 
A 
B 
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Figure 4.4. Random points (N=25000) were applied to the study area. 777 of these 
points occurred within bofedal polygons. The elevational profile of these points is shown 
with elevation on the Y-axis and number of points on the X-axis. For comparison, the 
number and elevations of the predicted bofedal polygons are provided below.
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The filtered dataset included 22,676 sampling points. Next, I divided the data into two 
groups for the logistic regression, each group representing points either inside or 
outside of the bofedal predicted area. To address the issue of imbalanced sampling 
points, the response variable for inside bofedal habitat was weighted to balance the 
data for analyses. The logistic regression model performed optimally with six of the 
seven independent variables (AUC = .6281) (Fig 4.5); NDVI amplitude contributed 
negligibly to model performance. Additional model combinations had suboptimal 
performance. All five variables contributed significantly (<.0001) to model performance. 
The three classes of glaciated watersheds (unglaciated, partially glaciated, and 
glaciated) were evaluated and showed a positive relationship with the occurrence of 
bofedales. The two bioclimatic variables that showed positive relationships with 
bofedales were mean temperature in the warmest quarter and precipitation in the 
warmest quarter. 
 
Estimated Effect of Climate Change. Potential effects of climate change were 
assessed by determining how many bofedal sample points would occur below the 
adjusted thermocline i.e. hard freeze line. Using the standard lapse rate of 2° C per 300 
m as an estimate of upslope migration for 40 and 80 years, points occurring within 
bofedales were identified within an elevational range of 4200-4500 m and 4500-4800 m. 
There were 278 (35.7 %) bofedal points occurring in the 4200-4500 m range and 336 
(43.2%) in the 4500 4800 m. Combined, the lower 600 m elevational range included 
79% of the bofedal points (Fig. 4.6). 
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Fig. 4.5. ROC curve is for the optimal model (AUC = .628) representing TRMM 
precipitation data, mean temperature of the warmest quarter (BIO10), mean 
precipitation of the warmest quarter (BIO18), flow accumulation, and watershed. ROC 
curves for each model variable. A perfectly random result would be the diagonal. 
Positive curves have Area Under the Curve scores greater than .50. The highest AUC 
score in the model was flow accumulation, which corresponded to low lying valleys such 
as valleys.  
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Figure 4.6. Current and predicted elevational range for bofedales are shown in white: (a) current elevational range above 
4200 m, (b) (b) area with elevation above 4500 m consistent with a 300 m rise in the hard freeze isotherm from a 2° C 
increase predicted to occur in the Andes within 40 years (c) area with elevation above 4800 m consistent with an 
additional 300 m rise in the hard freeze isotherm from a 4° C increase in the Andes predicted to occur in the Andes within 
the next 80 years. 
A C B 
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DISCUSSION 
Habitat area calculations were derived from Landsat ETM+ raster data (30 m). 
This affected area calculations because the area was circumscribed using Manhattan 
distances rather than vector-based polygons, i.e. curves. As part of the mapping 
process, edge pixels weren’t included in polygons, thereby underestimating bofedal 
habitat. 
An important aspect of the bofedal habitat prediction is the identification of the 
potential area of occurrence for taxa strongly associated with bofedales, many of which 
are restricted to the upper reaches of the puna. The extent of habitat is a crucial 
element for the development of population estimates, conservation priorities, and 
management strategies. The 2.49% estimate of bofedal habitat for the study area is 
slightly lower than the 3% estimate developed by Otto et al. (2011) and may represent a 
better estimate given the larger study area. In either case, bofedal habitat is a tiny 
proportion of the puna and species dependent on this archipelago of habitat (See 
Appendix 1 for birds associated with bofedales) may be sensitive to habitat reduction.  
 The logistic regression provided support for the hypothetical drivers of bofedal 
occurrence, those being areas of positive flow accumulation, areas with low 
temperature in the wet season, areas with increased precipitation in the wet season, 
and glaciated watersheds. Somewhat surprising was the weakness of the effect of 
precipitation. Given the wide range of values across the study area (150-1500 mm), a 
stronger concentration of bofedales in the wetter end of the gradient would have been 
an expected finding. The relative continuity of bofedales across the study area may be 
explained by species turnover. A review of the habitat characterizations for the study 
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sites showed the dominant peat producing species changed across the study area with 
Oxychloe andina prevalent in the southern departments. This is in agreement with the 
puna subregion characterizations defined by precipitation by Olson et al. (2001).Flow 
accumulation was the best predictor of bofedales and this was not surprising. High 
Andean peatlands have been described by many authors –including the aforementioned 
authors in the introduction- as occurring in low lying areas. The two bioclimatic variables 
contributing significantly to the model were also not surprising. Cold areas with high 
precipitation would be more likely to store water in frozen state and released slowly over 
weeks or months. Perhaps the most interesting finding was the positive relationship with 
glaciated watersheds. This was hypothesized to be an explanatory variable and the 
results did not support a rejection of this hypothesis. Given the rapid retreat of tropical 
glaciers this could be a problem for glacial-fed peatlands in the future. On the other 
hand there were many peatlands in non-glaciated peatlands and this relationship 
deserves additional scrutiny. 
Given the positive association of peatlands to precipitation, glaciers, and 
elevation, it seems straightforward that conservation priority areas would be the highest 
areas with the most remaining glaciers. These alpine refugia would be the most likely 
places for peatland species to persist (Fig. 4.7). Fortunately, some of these areas are 
already protected e.g. Salinas and Aguada Blanca National Reserve in dptos. Arequipa 
and Moquegua, Landscape Reserve Nor Yauyos-Cochas, and Huascaran National 
Park. However, the largest conservation target zone in our study area is unprotected, 
namely the Cordillera Vilcanota SE of Cusco.The Vilcanota is also the site of the new 
Trans-Amazonian highway, which has promised to bring jobs and development to the 
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region. If the climate change scenarios become reality, these alpine conservation 
targets would offer a chance for upslope migration of species and persistence until the 
next climate oscillation. 
 
 
Figure 4.7. Areas predicted to most likely maintain alpine peatlands communities are 
circled. These areas are the Cordillera Vilcanota and Cordillera Ampato. These 
unprotected areas are recommended priorities for conservation action to protect 
water sources, cultural pastoralism, and native peatlands. 
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APPENDICES 
 
Appendix 1. New occurrence records of Muscisaxicola frontalis. 
Here we present a detailed description of recent extralimital records of Muscisaxicola 
frontalis in central and southern Peru. Records are organized by migration period 
(March, April, September, October, and November) and wintering period (May, June, 
July, and August). 
 
Migration period records 
A single Black-fronted Ground-Tyrant was photographed by LA at sea level in Punta 
Coles, Moquegua department (17º42’09”S, 71º22’47”W), on 19 March 2007. The 
individual was searching for insects on a sand beach close to a sea lion colony. This is 
the first record for the species on the coast of Peru. 
 
A single Black-fronted Ground-Tyrant was watched by JB and LA for five minutes in 
central Huancavelica department at 4780 m (13º03’20”S, 75º04’34”W) on 30 April 2009 
in a rocky area comprised of sparse boulders and shrubs in a short-grass and stone 
matrix near peatlands with cushion plant species e.g. Distichia muscoides and Plantago 
rigida. This record is the second highest elevation known for the species (highest record 
is 5100 m by Spencer Hardy, pers. comm.) and is approximately 380 km northwest of 
the Chuquibamba record. 
Winter period records 
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REG observed an individual in Huancavelica department on 23 June 2009, 16 km north 
of the previous Huancavelica record (12°54'42"S, 75°03'09"W), at 4720 m on a rocky 
slope near a cushion plant peatland. 
 
Three Black-fronted Ground-Tyrants were watched by JB near Tanta, Lima department, 
between 4410 m and 4540 m on 19 August 2009 less than 1 km from each other, 
centered at 12º10’00”S, 76º01’00”W. The lower elevation observations, at 4410 and 
4420 m, were close to the Cañete River wetlands, one in short grass and the other in 
cushion-plant peatland. The observation at 4540 m was on a steep, rocky slope with 
boulders, shrubs, and sparse grassland. These records are roughly 530 km northwest 
of the record above Chuquibamba. 
 
REG observed two Black-fronted Ground-Tyrants together in dpto. Ancash in the 
Cordillera Blanca (9°38'24"S, 77°20'24"W) between the towns of Olleros and Chavin de 
Huantar on 6 June 2007 at approximately 4200 m near a rock corral at the edge of a 
rocky slope above a wetland valley. This is the northernmost record for this species to 
our knowledge and is approximately 55 km north of the specimen collected by Parker in 
late May of 1975. 
 
REG recorded 18 Black-fronted Ground-Tyrants during five days of surveying at four 
locations in Arequipa and Puno departments in the austral winter of 2009 (June-
August). These detections were made during line transects performed as part of a 
microhabitat associations and seasonality study (Gibbons, in prep.). Transects in these 
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departments were within the Peru winter range (Ridgely 1989, Schulenberg et al. 2007). 
These individuals were observed on rocky slopes with Festuca, Baccharis, 
Cumulopuntia, Parastrephia, and Pycnophyllum near valley wetlands or on rocky slopes 
near short-grass wetland between 4460 and 4570 m. 
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Appendix 2. List of environmental modeling variables. 
 
1. BIO2: Mean diurnal range (mean of monthly [max temp – min 
temp])+ 
2. BIO3: Isothermality (BIO2/BIO7) (* 100)+ 
3. BIO4: Temperature Seasonality (standard deviation *100)+ 
4. BIO5: Max Temperature of Warmest Month+ 
5. BIO16: Precipitation of Wettest Quarter+ 
6. BIO17: Precipitation of Driest Quarter+ 
7. Slope 
8. Aspect 
 
Data sources: +WorldClim (Hijmans et al. 2005; 
http://biogeo.berkeley.edu/worldclim/worldclim.htm) 
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Appendix 3. Counts and sums for species detected during line transect surveys. 
 
Species and number of detections for transect surveys in the wet and dry seasons of 
2008 and 2009 in the high Andean puna of central and southern Peru. Rare species with 
less than 1% of counts or 2% of the sum were eliminated from statistical analyses. 
Scientific name English name Counts Sum Included 
Chloephaga melanoptera Andean Goose 81 726 Yes 
Lophonetta specularioides Crested Duck 71 301 Yes 
Anas flavirostris Yellow-billed Teal 63 522 Yes 
Anas georgica Yellow-billed Pintail 3 6 No 
Anas puna Puna Teal 17 106 Yes 
Oxyura jamaicensis Ruddy Duck 5 75 Yes 
Rollandia rolland White-tufted Grebe 6 15 No 
Podiceps occipitalis Silvery Grebe 6 98 Yes 
Nycticorax nycticorax Black-crowned Night-Heron 10 25 No 
Phoenicopterus chilensis Chilean Flamingo 11 200 No 
Plegadis ridgwayi Puna Ibis 17 104 Yes 
Theristicus melanopis Black-faced Ibis 6 20 No 
Vultur gryphus Andean Condor 1 1 No 
Circus cinereus Cinereous Harrier 1 1 No 
Buteo polyosoma Variable Hawk 6 6 No 
Phalcoboenus 
megalopterus 
Mountain Caracara 16 31 Yes 
Falco femoralis Aplomado Falcon 4 5 No 
Fulica gigantea Giant Coot 20 382 Yes 
Fulica ardesiaca Slate-colored Coot 1 1 No 
Gallinula galeata Common Gallinule 2 6 No 
Vanellus resplendens Andean Lapwing 88 294 Yes 
Pluvialis dominica American Golden-Plover 1 1 No 
Charadrius alticola Puna Plover 6 23 No 
Phegornis mitchellii Diademed Sandpiper-Plover 9 16 No 
Oreopholus ruficollis Tawny-throated Dotterel 1 3 No 
Recurvirostra andina Andean Avocet 3 15 No 
Gallinago andina Puna Snipe 29 53 Yes 
Tringa flavipes Lesser Yellowlegs 16 51 Yes 
Tringa melanoleuca Greater Yellowlegs 9 28 No 
Calidris melanotos Pectoral Sandpiper 27 98 Yes 
Calidris bairdii Baird’s Sandpiper 28 175 Yes 
Calidris himantopus Stilt Sandpiper 1 12 No 
Actitis macularius Spotted Sandpiper 1 1 No 
Phalaropus tricolor Wilson’s Phalarope 7 233 Yes 
Thinocorus orbignyianus Gray-breasted Seedsnipe 48 226 Yes 
Chroicocephalus serranus Andean Gull 16 34 Yes 
Metriopelia melanoptera Black-winged Ground-Dove 3 2 No 
Metriopelia aymara Golden-spotted Ground-Dove 6 32 No 
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Athene cunicularia Burrowing Owl 2 3 No 
Oreotrochilus estella Andean Hillstar 3 4 No 
Oreotrochilus melanogaster Black-breasted Hillstar 4 7 No 
Chalcostigma olivaceum Olivaceous Thornbill 9 13 Yes 
Colaptes rupicola Andean Flicker 58 114 Yes 
Geositta cunicularia Common Miner 85 293 Yes 
Geositta tenuirostris Slender-billed Miner 28 60 Yes 
Geositta saxicolina Dark-winged Miner 34 126 Yes 
Geositta punensis Puna Miner 6 13 No 
Geositta sp. unidentified miner 6 10 No 
Upucerthia jelskii Plain-breasted Earthcreeper 15 19 Yes 
Cinclodes albidiventris Cream-winged Cinclodes 167 620 Yes 
Cinclodes atacamensis White-winged Cinclodes 15 23 Yes 
Cinclodes palliatus White-bellied Cinclodes 3 6 No 
Leptasthenura pileata/ 
Leptasthenura striata 
Rusty-crowned Tit-Spinetail/ 
Streaked Tit-Spinetail 
1 1 No 
Leptasthenura andicola Andean Tit-Spinetail 2 2 No 
Asthenes modesta Cordilleran Canastero 26 44 Yes 
Asthenes humilis Streak-throated Canastero 20 35 Yes 
Asthenes sp. unidentified canastero 7 12 No 
Lessonia oreas Andean Negrito 63 191 Yes 
Muscisaxicola maculirostris Spot-billed Ground-Tyrant 1 1 No 
Muscisaxicola griseus Taczanowski’s Ground-Tyrant 22 51 Yes 
Muscisaxicola juninensis Puna Ground-Tyrant 18 33 Yes 
Muscisaxicola cinereus Cinereous Ground-Tyrant 22 42 Yes 
Muscisaxicola albifrons White-fronted Ground-Tyrant 51 158 Yes 
Muscisaxicola flavinucha Ochre-naped Ground-Tyrant 114 397 Yes 
Muscisaxicola rufivertex Rufous-naped Ground-Tyrant 1 1 No 
Muscisaxicola capistratus Cinnamon-bellied Ground-
Tyrant 
3 4 No 
Muscisaxicola frontalis Black-fronted Ground-Tyrant 3 8 No 
Agriornis montanus Black-billed Shrike-Tyrant 3 3 No 
Ochthoeca oenanthoides d’Orbigny’s Chat-Tyrant 1 2 No 
Orochelidon andecola Andean Swallow 21 129 Yes 
Troglodytes aedon House Wren 4 4 No 
Anthus furcatus Short-billed Pipit 14 36 Yes 
Anthus correndera Correndera Pipit 8 23 No 
Anthus bogotensis Paramo Pipit 2 2 No 
Anthus sp.  unidentified pipit 6 14 No 
Zonotrichia capensis Rufous-capped Sparrow 14 27 Yes 
Phrygilus punensis Peruvian Sierra-Finch 1 1 No 
Phrygilus unicolor Plumbeous Sierra-Finch 20 47 Yes 
Phrygilus alaudinus Band-tailed Sierra-Finch 2 4 No 
Phrygilus erythronotus White-throated Sierra-Finch 7 16 No 
Phrygilus plebejus Ash-breasted Sierra-Finch 49 137 Yes 
Diuca speculifera White-winged Diuca-Finch 41 149 Yes 
Sicalis lutea Puna Yellow-Finch 1 2 No 
  
84 
 
Sicalis uropygialis Bright-rumped Yellow-Finch 74 412 Yes 
Carduelis magellanica Hooded Siskin 2 4 No 
Carduelis atrata Black Siskin 2 3 No 
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Appendix 4. Derived factors and loadings from transect data 
Six factors were derived. The loadings are the correlation coefficients between the standardized variables and the factors. 
 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Podiceps occipitalis 0.899 0.050 -0.098 0.004 -0.058 0.006 
Oxyura jamaicensis 0.860 -0.072 -0.039 -0.016 0.074 0.009 
Fulica gigantea 0.814 0.089 0.054 -0.023 -0.083 -0.011 
Chroicocephalus serranus 0.769 0.063 0.049 0.158 -0.090 0.019 
Phoenicopterus chilensis 0.685 0.080 0.039 -0.017 -0.100 -0.038 
Phalaropus tricolor 0.571 -0.144 0.207 -0.023 0.186 -0.041 
Anas puna 0.556 -0.139 0.380 -0.068 0.120 -0.008 
Anas flavirostris 0.521 0.179 0.428 -0.100 -0.016 -0.036 
Lophonetta specularioides 0.495 0.297 0.440 -0.072 -0.004 0.007 
Cinclodes albidiventris -0.034 0.620 -0.009 0.134 0.330 0.077 
Lessonia oreas 0.096 0.577 0.265 0.126 -0.213 0.105 
Muscisaxicola flavinucha -0.019 0.576 0.021 0.319 0.191 0.109 
Vanellus resplendens 0.111 0.524 0.097 0.264 0.039 -0.159 
Colaptes rupicola -0.009 0.511 -0.104 -0.063 0.196 0.233 
Chloephaga melanoptera 0.237 0.480 0.315 0.235 0.208 -0.130 
Orochelidon andecola 0.243 0.452 -0.145 0.340 -0.299 -0.006 
Muscisaxicola juninensis 0.002 0.369 -0.038 0.028 0.058 0.070 
Sicalis uropygialis -0.023 0.362 0.021 -0.052 0.179 0.288 
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Gallinago andina 0.027 0.360 0.104 -0.056 0.262 -0.217 
Cinclodes atacamensis -0.023 0.358 -0.037 -0.094 -0.011 0.062 
Plegadis ridgwayi -0.003 0.319 0.191 0.294 0.120 -0.147 
Calidris melanotos 0.017 0.000 0.804 0.006 -0.043 0.058 
Calidris bairdii 0.022 0.061 0.725 0.057 -0.135 0.099 
Tringa flavipes 0.359 -0.093 0.661 -0.041 0.093 -0.001 
Anthus furcatus -0.005 0.055 0.087 0.641 -0.111 -0.036 
Geositta tenuirostris 0.001 0.036 -0.049 0.628 0.157 -0.014 
Geositta saxicolina -0.002 0.002 -0.050 0.580 0.036 -0.011 
Geositta cunicularia -0.037 0.164 0.064 0.565 -0.144 0.129 
Phalcoboenus megalopterus -0.012 -0.012 -0.026 0.321 0.119 0.011 
Diuca speculifera -0.009 0.368 -0.035 -0.041 0.606 0.010 
Muscisaxicola albifrons -0.032 0.450 0.012 -0.070 0.573 -0.141 
Asthenes humilis -0.013 -0.029 0.050 0.250 0.548 0.083 
Phrygilus unicolor 0.001 0.113 -0.063 -0.047 0.491 0.011 
Muscisaxicola cinereus 0.004 0.070 -0.047 0.282 0.473 0.137 
Phrygilus plebejus -0.019 0.092 0.114 -0.055 -0.022 0.662 
Asthenes modesta -0.002 0.042 -0.033 -0.073 -0.069 0.658 
Thinocorus orbignyianus -0.024 0.075 0.090 0.241 0.181 0.556 
Muscisaxicola griseus 0.010 0.104 -0.035 0.350 0.303 0.391 
       
 
  
87 
 
Appendix 5. Effect of habitat on principal components 
The effect of habitat on principal component factors are shown. For each factor, the Tukey grouping letters and the means 
are reported (α = 0.05). This result indicates that species related to Factor 1 preferred the open water habitat. Factors 2, 
3, and 5 were associated with bofedal habitat. In addition to the positive relation to bofedal, Factor 3 had a negative 
association with rocky habitat. Species in the Factor 4 grouping were strongly associated with the short grass habitat. 
Species related to Factor 6 were also associated with short grass habitat, but had a negative association with aquatic 
habitats. 
Habitat Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Bare -0.205 B -0.340 B -0.143 BC -0.172 B -0.124 B -1.263 AB 
Bog -0.122 B 1.180 A 0.435 A 0.054 B 0.528 A 0.104 AB 
Bunch -0.196 B -0.302 B -0.156 BC -0.232 B -0.156 B -0.839 AB 
Grass -0.121 B -0.037 B -0.087 BC 0.827 A 0.005 B 0.240 A 
Rocky -0.111 B -0.316 B -0.206 C -0.190 B 0.000 B 0.082 AB 
Stream -0.122 B -0.172 B -0.143 BC -0.225 B -0.211 B -0.175 B 
Water 0.578 A -0.256 B 0.194 AB -0.266 B -0.146 B -0.232 B 
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Appendix 6. Season effect on factors. 
 
The means for both seasons are reported. According to the results, Factor 2, Factor 3, and Factor 4 had a significant 
seasonality effect. 
Season Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Dry -0.0794 -0.1323 -0.1669 0.0623 0.0570 -0.2319 
Wet -0.0056 0.0630 0.1367 -0.1206 -0.0862 -0.3632 
Significant no yes yes yes no no 
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Appendix 7. Variable interactions by habitat 
 Interaction graphs were constructed by plotting the estimates of means against habitat types. Red lines represent wet 
season, while blue lines represent dry season. The vertical bars defined by two fences indicate the range of two standard 
errors at each habitat type. The interaction effect was significant on Factor 2, Factor 3, Factor 4, and Factor 5. 
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Appendix 8. Factor significance levels. 
Summary table of Factor significance containing the Type 3 ANOVA test results with 
“***” denoting 0.001 significance, and “**” denoting 0.01 significance. 
Effects Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Habitat *** *** *** *** *** *** 
Season  ** *** **   
Habitat*Season  *** *** *** ***  
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Appendix 9. Sum of bird detections in bofedal by season 
 Bird species detected in bofedal habitat of central and southern Peru during line 
transect surveys in 2008 and 2009. Detection totals are provided for the dry and wet 
season. 
Species dry  wet 
Plegadis ridgwayi 11   
Chloephaga 
melanoptera 168 102 
Lophonetta 
specularioides 10 37 
Anas flavirostris 7 36 
Anas puna  2 
Phalcoboenus 
megalopterus 1 3 
Falco femoralis 1 1 
Fulica gigantea  12 
Thinocorus orbignyianus 36 9 
Charadrius alticola  3 
Phegornis mitchellii 6 1 
Vanellus resplendens 66 42 
Gallinago andina 8 7 
Tringa melanoleuca  1 
Tringa flavipes  12 
Calidris bairdii  6 
Calidris melanotos  13 
Phalaropus tricolor  5 
Larus serranus  1 
Metriopelia aymara 2   
Chalcostigma olivaceum 5 1 
Oreotrochilus 
melanogaster 2   
Oreotrochilus estella  3 
Colaptes rupicola 23 16 
Geositta tenuirostris 5   
Geositta cunicularia 8 17 
Geositta saxicolina 4   
Geositta sp.  2 
Upucerthia jelskii 4 1 
Cinclodes albidiventris 160 49 
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Cinclodes atacamensis 1 2 
Cinclodes palliatus 1 1 
Asthenes humilis 7 4 
Asthenes modesta 4 1 
Asthenes sp. 1   
Muscisaxicola cinereus 13   
Muscisaxicola juninensis 13 6 
Muscisaxicola frontalis 5   
Muscisaxicola griseus 20 4 
Muscisaxicola albifrons 49 39 
Muscisaxicola 
flavinucha 123 42 
Muscisaxicola sp. 7 21 
Lessonia oreas 28 22 
Haplochelidon andecola 13 17 
Anthus correndera 1   
Anthus furcatus  1 
Zonotrichia capensis 2   
Phrygilus plebejus 12 6 
Phrygilus unicolor 12 6 
Phrygilus erythronotus  2 
Diuca speculifera 42 14 
Sicalis uropygialis 45 90 
  
93 
 
Appendix x. License agreement for Journal article. 
JOHN WILEY AND SONS LICENSE 
TERMS AND CONDITIONS 
Mar 19, 2012 
 
 
 
This is a License Agreement between Richard E Gibbons ("You") and John Wiley and 
Sons ("John Wiley and Sons") provided by Copyright Clearance Center ("CCC"). The 
license consists of your order details, the terms and conditions provided by John Wiley 
and Sons, and the payment terms and conditions. 
All payments must be made in full to CCC. For payment instructions, please see 
information listed at the bottom of this form. 
License Number 
2872580824296 
License date 
Mar 19, 2012 
Licensed content publisher 
John Wiley and Sons 
Licensed content publication 
Journal of Field Ornithology 
Licensed content title 
Assessing the geographic range of Black-fronted Ground-Tyrants (Muscisaxicola 
frontalis) using extralimital and winter range occurrence records and ecological niche 
modeling 
Licensed content author 
Richard E. Gibbons,Javier Barrio,Gustavo A. Bravo,Luis Alza 
Licensed content date 
  
94 
 
Dec 1, 2011 
Start page 
355 
End page 
365 
Type of use 
Dissertation/Thesis 
Requestor type 
Author of this Wiley article 
Format 
Print and electronic 
Portion 
Full article 
Will you be translating? 
No 
Order reference number 
Total 
0.00 USD 
Terms and Conditions 
TERMS AND CONDITIONS  
 
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. 
or one of its group companies (each a "Wiley Company") or a society for whom a Wiley 
Company has exclusive publishing rights in relation to a particular journal (collectively 
WILEY"). By clicking "accept" in connection with completing this licensing transaction, 
you agree that the following terms and conditions apply to this transaction (along with 
the billing and payment terms and conditions established by the Copyright Clearance 
  
95 
 
Center Inc., ("CCC’s Billing and Payment terms and conditions"), at the time that you 
opened your Rightslink account (these are available at any time at 
http://myaccount.copyright.com)  
 
Terms and Conditions  
 
1. The materials you have requested permission to reproduce (the "Materials") are 
protected by copyright.  
 
2. You are hereby granted a personal, non-exclusive, non-sublicensable, non-
transferable, worldwide, limited license to reproduce the Materials for the purpose 
specified in the licensing process. This license is for a one-time use only with a 
maximum distribution equal to the number that you identified in the licensing process. 
Any form of republication granted by this licence must be completed within two years of 
the date of the grant of this licence (although copies prepared before may be distributed 
thereafter). The Materials shall not be used in any other manner or for any other 
purpose. Permission is granted subject to an appropriate acknowledgement given to the 
author, title of the material/book/journal and the publisher. You shall also duplicate the 
copyright notice that appears in the Wiley publication in your use of the Material. 
Permission is also granted on the understanding that nowhere in the text is a previously 
published source acknowledged for all or part of this Material. Any third party material is 
expressly excluded from this permission.  
 
3. With respect to the Materials, all rights are reserved. Except as expressly granted by 
the terms of the license, no part of the Materials may be copied, modified, adapted 
(except for minor reformatting required by the new Publication), translated, reproduced, 
transferred or distributed, in any form or by any means, and no derivative works may be 
made based on the Materials without the prior permission of the respective copyright 
owner. You may not alter, remove or suppress in any manner any copyright, trademark 
or other notices displayed by the Materials. You may not license, rent, sell, loan, lease, 
pledge, offer as security, transfer or assign the Materials, or any of the rights granted to 
you hereunder to any other person.  
 
4. The Materials and all of the intellectual property rights therein shall at all times remain 
the exclusive property of John Wiley & Sons Inc or one of its related companies 
(WILEY) or their respective licensors, and your interest therein is only that of having 
possession of and the right to reproduce the Materials pursuant to Section 2 herein 
during the continuance of this Agreement. You agree that you own no right, title or 
interest in or to the Materials or any of the intellectual property rights therein. You shall 
have no rights hereunder other than the license as provided for above in Section 2. No 
right, license or interest to any trademark, trade name, service mark or other branding 
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you shall 
not assert any such right, license or interest with respect thereto.  
 
5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS, 
  
96 
 
IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE 
ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS, INCLUDING, 
WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY, 
ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR PURPOSE, 
USABILITY, INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH 
WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND 
WAIVED BY YOU.  
 
6. WILEY shall have the right to terminate this Agreement immediately upon breach of 
this Agreement by you.  
 
7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their 
respective directors, officers, agents and employees, from and against any actual or 
threatened claims, demands, causes of action or proceedings arising from any breach 
of this Agreement by you.  
 
8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY 
OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, 
CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR PUNITIVE 
DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH 
THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS 
REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF 
CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR 
OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF 
PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD 
PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY 
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED 
REMEDY PROVIDED HEREIN.  
 
9. Should any provision of this Agreement be held by a court of competent jurisdiction to 
be illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve 
as nearly as possible the same economic effect as the original provision, and the 
legality, validity and enforceability of the remaining provisions of this Agreement shall 
not be affected or impaired thereby.  
 
10. The failure of either party to enforce any term or condition of this Agreement shall 
not constitute a waiver of either party's right to enforce each and every term and 
condition of this Agreement. No breach under this agreement shall be deemed waived 
or excused by either party unless such waiver or consent is in writing signed by the 
party granting such waiver or consent. The waiver by or consent of a party to a breach 
of any provision of this Agreement shall not operate or be construed as a waiver of or 
consent to any other or subsequent breach by such other party.  
 
11. This Agreement may not be assigned (including by operation of law or otherwise) by 
you without WILEY's prior written consent.  
  
97 
 
 
12. Any fee required for this permission shall be non-refundable after thirty (30) days 
from receipt.  
 
13. These terms and conditions together with CCC’s Billing and Payment terms and 
conditions (which are incorporated herein) form the entire agreement between you and 
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes 
all prior agreements and representations of the parties, oral or written. This Agreement 
may not be amended except in writing signed by both parties. This Agreement shall be 
binding upon and inure to the benefit of the parties' successors, legal representatives, 
and authorized assigns.  
 
14. In the event of any conflict between your obligations established by these terms and 
conditions and those established by CCC’s Billing and Payment terms and conditions, 
these terms and conditions shall prevail.  
 
15. WILEY expressly reserves all rights not specifically granted in the combination of (i) 
the license details provided by you and accepted in the course of this licensing 
transaction, (ii) these terms and conditions and (iii) CCC’s Billing and Payment terms 
and conditions.  
 
16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor 
Type was misrepresented during the licensing process.  
 
17. This Agreement shall be governed by and construed in accordance with the laws of 
the State of New York, USA, without regards to such state’s conflict of law rules. Any 
legal action, suit or proceeding arising out of or relating to these Terms and Conditions 
or the breach thereof shall be instituted in a court of competent jurisdiction in New York 
County in the State of New York in the United States of America and each party hereby 
consents and submits to the personal jurisdiction of such court, waives any objection to 
venue in such court and consents to service of process by registered or certified mail, 
return receipt requested, at the last known address of such party.  
 
Wiley Open Access Terms and Conditions  
 
All research articles published in Wiley Open Access journals are fully open access: 
immediately freely available to read, download and share. Articles are published under 
the terms of the Creative Commons Attribution Non Commercial License. which permits 
use, distribution and reproduction in any medium, provided the original work is properly 
cited and is not used for commercial purposes. The license is subject to the Wiley Open 
Access terms and conditions:  
Wiley Open Access articles are protected by copyright and are posted to repositories 
and websites in accordance with the terms of the Creative Commons Attribution Non 
Commercial License. At the time of deposit, Wiley Open Access articles include all 
changes made during peer review, copyediting, and publishing. Repositories and 
websites that host the article are responsible for incorporating any publisher-supplied 
  
98 
 
amendments or retractions issued subsequently.  
Wiley Open Access articles are also available without charge on Wiley's publishing 
platform, Wiley Online Library or any successor sites.  
 
Use by non-commercial users  
 
For non-commercial and non-promotional purposes individual users may access, 
download, copy, display and redistribute to colleagues Wiley Open Access articles, as 
well as adapt, translate, text- and data-mine the content subject to the following 
conditions:  
"paternity" (also known as "attribution" - the right for the author to be identified as such) 
and "integrity" (the right for the author not to have the work altered in such a way that 
the author's reputation or integrity may be impugned).  
cle is identified as belonging to a third party, it is the 
obligation of the user to ensure that any reuse complies with the copyright policies of 
the owner of that content.  
-commercial 
research and education purposes, a link to the appropriate bibliographic citation 
(authors, journal, article title, volume, issue, page numbers, DOI and the link to the 
definitive published version on Wiley Online Library) should be maintained. Copyright 
notices and disclaimers must not be deleted.  
agreed, must prominently display the statement: "This is an unofficial translation of an 
article that appeared in a Wiley publication. The publisher has not endorsed this 
translation."  
Use by commercial "for-profit" organisations  
 
Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 
requires further explicit permission from Wiley and will be subject to a fee. Commercial 
purposes include:  
sale or licensing;  
with such content;  
f article content in other works or services (other than 
normal quotations with an appropriate citation) that is then available for sale or 
licensing, for a fee (for example, a compilation produced for marketing purposes, 
inclusion in a sales pack)  
 of article content (other than normal quotations with appropriate citation) by for-
profit organisations for promotional purposes  
-mails redistributed for promotional, marketing or 
educational purposes;  
transfer or other form of commercial exploitation such as marketing products  
  
99 
 
corporatesales@wiley.com  
 
Other Terms and Conditions:  
 
BY CLICKING ON THE "I AGREE..." BOX, YOU ACKNOWLEDGE THAT YOU HAVE 
READ AND FULLY UNDERSTAND EACH OF THE SECTIONS OF AND PROVISIONS 
SET FORTH IN THIS AGREEMENT AND THAT YOU ARE IN AGREEMENT WITH 
AND ARE WILLING TO ACCEPT ALL OF YOUR OBLIGATIONS AS SET FORTH IN 
THIS AGREEMENT.  
 
v1.7  
If you would like to pay for this license now, please remit this license along with 
your payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise 
you will be invoiced within 48 hours of the license date. Payment should be in the 
form of a check or money order referencing your account number and this 
invoice number RLNK500742358. 
Once you receive your invoice for this order, you may pay your invoice by credit 
card. Please follow instructions provided at that time. 
 
Make Payment To: 
Copyright Clearance Center 
Dept 001 
P.O. Box 843006 
Boston, MA 02284-3006 
 
For suggestions or comments regarding this order, contact RightsLink Customer 
Support: customercare@copyright.com or +1-877-622-5543 (toll free in the US) or 
+1-978-646-2777. 
Gratis licenses (referencing $0 in the Total field) are free. Please retain this 
printable license for your reference. No payment is required. 
 
 
  
100 
 
VITA 
 
Richard E. Gibbons was raised in Texarkana, Arkansas, and graduated from 
Little Rock Central High School in 1989. He graduated from Centenary College of 
Louisiana in Shreveport, Louisiana with a bachelor’s degree in biology. It was through 
Centenary that he first ventured into the American tropics for a short course on tropical 
ecology with his advisor, Bradley McPhereson. He stayed on as an assistant to 
McPhereson to help with field work trapping and karyotyping rodents for a population 
study. This was the experience that set his life’s course. 
 
Richard volunteered for several field biology positions honing a skill set that 
would finally land him a job as a seasonal biologist. After three years of this field work, 
Richard finally landed a permanent job in Corpus Christi, Texas working with colonial 
waterbirds. He pursued a Master of Biology degree at Texas A&M University-Corpus 
Christi concurrently. It was here that he developed a deep appreciation for coastal 
ecology and the Gulf of Mexico. 
 
He started the doctoral program at the Louisiana State University Department of 
Biological Sciences in 2005. His work in the Peruvian Andes contributed to a better 
understanding of the alpine wetlands and the associated bird species occurring in the 
puna ecoregion. It is his hope that a science-based plan for these rare peatlands will 
contribute to their appreciation and conservation. 
